AD-A161 482 CHESAPERKE BAY LON FRESHMATER INFLOW STUDY RAPPENDIX £ 174
BIOTACYU)> CORPS OF ENGINEERS B!ILTHIORE HD BALTIMORE
DISTRICT SEP 84 CHB-84-L-AP|

UNCLASSIFIED F/6 8/4




A N ARG AN X SO SR AACE OIS A AR DA AR A A AR AL S AL A et At th A st A e et

g
o

o

FEEFEEE R

»
Kl
L

EEEE
iR

A

]

——

Er

[3

re
(o)

)
(&) ]
S
I5 i

N MICROCOPY RESOLUTION TEST CHART
- " NATIONAL BUREAU OF STANDARDS - 1963 ~ A




hesapeake Bay Low-Freshwater Inflow Study

A\PPENDIX E-BIOTA

41

v
AN A\

L\W’ Y
Nl :4/‘1
1 NN




.:
)
[»
SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

- REPORT DOCUMENTATION PAGE per EAD INSTRUCTIONS
'.: 7. REPORT NUMBER 2. G Y ACCESSION NOQ.| 3. RECIPIENT'S CATALOG NUMBER
- CHB-84-L
': 4. TiTLE (and Subtitie) :S. TYPE OF REPORT & PERIOD COVERED
- Chesapeake Bay Low Freshwater Inflow Study
3 Meir=Rupetl., " 6. PERFORMING ORG. REPORT NGMBER
N 7. AUTHOR(s} 8. CONTRACT OR GRANT NUMBER(e)
: 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gﬁR‘Az ERLEMSPTT.NPRMOJEE‘gsT. T ASK

Baltimore District ofk Y uma

US Army Corps of Engineers, ATTN: NABPL

P.O. Box 1715, Baltimore, MD 21203-1715

1. CONTROLLING QFFICE NAME AND ADDRESS 12. REPORT DATE

Baltimore District September 1984
- US Army Corps of Engineers, ATTN: NABPL 13, NUMBER OF PAGES
- P.0. Box 1715, Baltimore, MD 21203-1715 1130 pages, 108 plates
N 14. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Otlice) ; 15. SECURITY CL ASS. (of thie report)
: Unclassified

15e. DECLASSIFICATION' DOWNGRADING
SCHEDULE
. 16. DISTRIBUTION STATEMENT (of this Report)
3 Approved for public release, distribution unlimited
:‘ 17. DISTRIBUTION STATEMENT (of the adbetrect entered in Block 20, f dilferent from Report)
:: 19. SUPPLEMENTARY NOTES
T 19. KEY WORDS (Continue on reverse side Il necessary and Identily by dlock number)
- Chesapeake Bay, low freshwater inflow, low flow, hydraulic model, estuary, water
- supply, water demand, water -~ithdrawal, consumptive loss, biota, habitat,
e nutrients, salinity, drought, drought management, ecosystem, plankton, tributary
- water conservation
LT 20. ABSTRACT (Caotaum an reverss ofde I neceesary and Identify by block number)
{F Chesapeake Bay is a complex estuarine system that is dependent on the freshwater
. inflow from its tributaries to maintain the salinity regime that characterizes
o its ecosystem,
o Increasing population and economic growth in the Bay drainage area is predicted
> to result in increased water supply demands and attendant increases in the
- amount of water used consumptively. This will cause a marked reduction in
. freshwater inflow to the Bay and result in higher salinities throughout the Bay
J0m 73

. Fonm

o \

DD, £DITION OF ? NOV 63 1S OBSOLETE UNCLASSIFIED

. SECUMTY CLASSIFICATION OF THIS PASE (When Dats Entered)

.--.-_.-_( o« oA ol A R IR AN A T AL AL N SR - e At TR AR PR L S T S S S S I ) cerecm TR A"
-‘. o) LA .‘f._v'.‘- IR ._".-".’ \.'_‘. e ; . _.I...:\f.‘f,.f_..:,' e e e .‘:_.ﬁu n .%.’"’.~; L _-.‘ 5“‘.._'.':'-
’ . -

-

.

sl




N N R L " 5l Sul A S i g P A SV IPAERARa Aa BTCa Sh s P R RO AP SNSRI St spet Tan Tk S b

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. ABSTRACT

system. In the long term, salinities would be expected to increase by as much
oty as 2 to 4 ppt.

The Low Freshwater Inflow Study methodology involved selecting representative
~ species for study, mapping potential habitat under various conditions, using
N expert scientists to interpret the significance of habitat change, and asses-
=~ sing socio-~economic and environmental impacts of the changes.

I While no specific plan was developed to solve the problems caused by reduced

freshwater inflows, several alternatives were identified as "most promising".
These include reservoir storage, conservation, growth restriction, oyster bed
restoration, and fisheries management,

The final report recommends that a comprehensive water supply and drought
- management study be conducted that will identify those measures required to
optimize the use of existing water supplies in the Bay drainage basin and
minimize reductions in freshwater inflow to the Bay.

>}

PAMEMIAD)
2 ‘-.-.-‘g'u

TR AR
fo fe Te Te e

[ SR

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

. e e
e -._-.\ .-.w.\




ChesapeakeBay
Low Freshwater Inflow Study

APPENDIX E-BIOTA

UALiTy
SP(CTED

- -ar\nt ho- been approved

fal
« 2
'(I'. .’ f" | raun ard cala its
~ Z.‘) L.f‘.l.: \xhknd
oot P
e -

US Army Corps
of Engineers
Baltimore District

T N
c" ' 1" -’ .' o e .
O I A A A AT

SR
“ v

September 1984

......




CHESAPEAKE BAY
LOW FRESHWATER INFLOW STUDY

APPENDIX E
BIOTA

Department of the Army
Baltimore District, Corps of Engineers
Baltimore, Maryland
September 1984




FOREWORD

This is one of the volumes comprising the final report on the Corps of Engineers'
Chesapeake Bay Study. The report represents the culmination of many years of study of
the Bay and its associated social, economic, and environmental processes and resources.
The overall study was done in three distinct developmental phases. A description is
provided below of each study phase, followed by a description of the organization of the

report.

The initial phase of the overall program involved the inventory and assessment of the
existing physical, economic, social, biological, and environmental conditions of the Bay.
The results of this effort were published in a seven volume document titled Chesapeake
Bay Existing Conditions Report, released in 1973. This was the first publication to
present a comprehensive survey of the tidal Chesapeake and its resources as a single
entity,

The second phase of the program focused on projection of water resource requirements in
the Bay Region for the year 2020. Completed in 1977, the Chesapeake Bay Future
Conditions Report documents the results of that work. The 12-volume report contains
projections for resource categories such as navigation, recreation, water supply, water
quality, and land use. Also presented are assessments of the capacities of the Bay

system to meet the identified future requirements, and an identification of problems and .
conflicts that may occur with unrestrained growth in the future.

In the third and final study phase, two resource problems of particular concern in
Chesapeake Bay were addressed in detail: low freshwater inflow and tidal flooding. In
the Low Freshwater Inflow Study, results of testing on the Chesapeake Bay Hydraulic
Model were used to assess the effects on the Bay of projected future depressed
freshwater inflows. Physical and biological changes were quantified and used in
assessments of potential social, economic, and environmental impacts. The Tidal
Flooding Study included development of preliminary stage-damage relationships and
identification of Bay communities in which structural and nonstructural measures could
be beneficial.

The final report of the Chesapeake Bay Study is composed of three major elements:

(1) Summary, (2) Low Freshwater Inflow Study, and (3) Tidal Flooding Study. The
Chesapeake Bay Study Summary Report includes a description of the results, findings,
and recommendations of all the above described phases of the Chesapeake bay Study. It
is incorporated in four parts:

b 2, % "o 0

Summary Report

Supplement A -- Problem Identification
Supplement B — Public Involvement
Supplement C -- Hydraulic Model
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The Low Freshwater Inflow Study consists of a Main Report and six supporting
appendices. The report includes:

S L)

Main Report

Appendix A — Problem Identification -
Appendix B — Plan Formulation 2
Appendix C - Hydrology r
Appendix D — Hydraulic Model Test )CO00




Appendix E — Biota -
Appendix F —- Map Folio

The Tidal Flooding Study consists similarly of a Main Report and six appendices. The =
report includes: -

Main Report by
Appendix A — Problem Identification
Appendix B — Plan Formulation, Assessment, and Evaluation

Appendix C — Recreation and Natural Resources ’
Appendix D — Social and Cultural Resources .
Appendix E — Engineering, Design, and Cost Estimates
{ Appendix F — Economics .
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"CHAPTER |
INTRODUCTION

This Appendix provides a detailed discussion of the biota-related matters presented in
the Problem Identification Appendix, including background information about the ecology
of the Chesapeake Bay, and detailed life history information on 57 study species. This
information was used to define the impacts of reduced freshwater inflow on the
biological, environmental, social and economic conditions in the Bay. It should be noted
that this Appendix contains information on existing conditions, as opposed to future
conditions. Future conditions scenarios are described in Appendix A, Problem
Identification,

The purposes of this Appendix are as follows:
o Present a summary characterization of the Chesapeake Bay ecosystem.

e Describe the process for selection of the study species used in the Low
Freshwater Inflow Study.

e Present detailed species life history information, habitat requirements and
salinity tolerances for the selected study species.

This Appendix is designed to provide detailed technical support to the report, as well as
to serve as a useful source for those interested in a genecal discussion of the ecology of
the Bay and its organisms. Thus, it may be read in concert with other portions of the
report or it may stand alone as a source bouk. References to other sections of this
report will be made frequently in order to guide the reader who is interested in the
complete study.

APPENDIX ORGANIZATION

Chapter 2 is entitled "The Chesapeake Bay Ecosystem." This chapter characterizes the
productivity and complexity of the Bay system. It describes the major groups of flora
and fauna in the Bay, including phytoplankton, submerged aquatic vegetation, emergent
aquatic vegetation, zooplankton, benthos, fish and wildlife. The intricateness of the
Bay's biological components are illustrated with the use of food web diagrams.

Chapter 3 is entitled "Selection of Study Species." This chapter describes the rationale
for selection of study species and traces the development of the criteria used in the
selection process,

Chapter 4 is entitled "Life History Summaries of Study Species." This chapter contains
species descriptions for each of the 57 selected study species. Each account discusses
aspects of range, salinity tolerance, tolerance to other factors, trophic importance and
sources of information.

Also included is a glossary of terms used in this volume. Numerous scientific terms
relating to species are used throughout this Appendix. For unfamiliar terms which are
not included in the glossary, the reader is referred to the Dictionary of Scientific and
Technical Terms. 1978. Daniel L. Lapedes (ed.). McGraw - Hill Company. New York.
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SOURCES

This Appendix relies heavily upon information provided in earlier phases of the Corps of
Engineer's Chesapeake Bay Study. Specifically, the following four reports were utilized
to a large extent in the preparation of this Appendix.

Chesapeake Bay Existing Conditions Report

Published in 1973, this report provides a detailed inventory of the Chesapeake Bay and its
water resources. Divided into a summary and four appendices, the report presents an
overview of the Bay Area and the economy; a survey of the Bay's land resources and its
use; and a description of the Bay's life forms and hydrodynamics. The biota portion of
the report was funded by the Corps of Engineers and prepared by the Smithsonian
Institution, the University of Maryland, and the Virginia Institute of Marine Science.
Their charge was to summarize the existing knowledge of the biota of Chesapeake Bay.
Given the immense volume of information available and short time frame for the
product, the chosen approach was to ask competent and experienced workers to
summarize their view of the state of knowledge within their area of interest.

Chesapeake Bay Future Conditions Report

Released in 1977, this report describes the present use of the resource, estimates future
demands to be placed on the resources, assesses the ability of the resource to meet
future demands, and identifies general means to satisfy projected resource needs. The
primary focus of this report was the projection of water resources needs to the year 2020
and the identification of the problems and conflicts which would result from unrestrained
growth and use of the Bay's resources. The report consists of a summary document and
16 supporting appendices. The Biota Appendix (Appendix 11) was prepared and
coordinated by the Baltimore District Corps of Engineers; however, all technical
segments were prepared by the Chespeake Research Consortium, Inc. under contract.
The Chesapeake Research Consortium is composed of the Virginia Institute of Marine
Service, the Smithsonian Institution, the Chesapeake Biological Laboratory of the
University of Maryland and the Chesapeake Bay Institute of the Johns Hopkins
University.

Chesapeake Bay Low Freshwater Study: Biota Assessment, Phase I

The Low Freshwater Inflow Study, Biota Assessment, Phase I, was completed in 1980 by
Western Eco-Systems Technology (WESTECH), of Bothell, Washington. The study's
purpose was to develop a methodology for assessing the impacts of reduced freshwater
inflows on the biota of the Bay. The selection of study species was also a key element in
the Phase | effort. (NOTE: The second phase of the Biota Assessment, completed by
WESTECH in 1982, involved primarily the application of the methodology to quantify
changes in habitat based on results of the hydraulic model test. This latter effort is
discussed in detail in Appendix A, Problem Identification).
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Biological Effects of Potential Reductions of Freshwater Flow into the Chesapeake Bay -
Report of the Biota Evaluation Panel

This report was prepared by a panel of expert Bay scientists under contract to the U.S.
Fish and Wildlife Service. The purpose of the panel was to identify the consequences of
reduced freshwater inflows on the biota of the Chesapeake, based on the habitat work
done by WESTECH.

Where major pieces of this Appendix are based substantially upon one of these sources,
the source will not be made. Citations of individual papers which may be contained
within the source will be credited. Futher, it is not considered practicable to provide
comprehensive credit in this appendix to all the individuals who most graciously provided
input to this study. The reader is referred to the acknowledgements section of the Main
Report for a list of those individuals contributing to this effort.
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CHAPTER 1l
THE CHESAPEAKE BAY ECOSYSTEM

The focus of this chapter is the ecology of the Chesapeake Bay with the emphasis on the
biota. An overview of the functioning of the Bay's ecosystem is provided togetner with a
description of the seven major groups of fauna and flora of the Bay. The major groups
include phytoplankton, submerged aquatic vegetation, emergent aquatic vegetation,
zooplankton, benthic organisms, fish and wildlife. A discussion of each component, its
importance to the Bay, physical description and factors which control abundance and
distribution are included. The interactions between these groups are discussed with the
help of trophic diagrams and species interaction matrices.

ECOSYSTEM FUNCTIONING

The flow of the energy in Chesapeake Bay originates with the sun and moves througn the
plants and animals of the ecosystem. Nutrients and non-living particulate matter also
fuel the system. The energetics of the Bay are illustrated in Figures E-lI-1 and E-[I-2, as
derived from the WESTECH report. As illustrated, radiant energy is used by four
primary producers compartments (net phytoplankton, nannoplankton, submerged aquatic
vegetation, and emergent aquatic vegetation) to produce plant tissue. Two of these plant
compartments, net phytoplankton and nannoplankton, produce material which primarily
enters a grazing food web. Zooplankton, both macro-and micro-(copepods, rotifers), feed
on these plants, as do icthyoplankton, invertebrate meroplankton (oyster, barnacle
larvae, etc.), forage fish and menhaden. Benthic suspension feeders also graze the
phytoplankton.

The other two primary producer compartments, emergent aquatic vegetation and
submerged aquatic vegetation (which includes a smaller epiphytic community) contribute
the major portion of their production to the detrital food chain (although a substantial
amount is eaten by waterfowl). The detritus produced is utilized by benthic detritivores
(crabs, etc.) and benthic suspension feeders (oysters, clams, etc.). Macrozooplankters,
forage fish, and menhaden also utilize detritus to a certain extent.

The plankton species mentioned above (macro- and micro-zooplankton, icthyoplankton,
and invertebrate meroplankton) are fed upon by ctenophores and cniderians (comb-jellies
and sea-nettles), fish such as menhaden and forage fish (silversides, etc.), and benthic
suspension feeders (such as barnacles). At this point in the conceptual model, energy
flows to the predator layers of the system. Pelagic fish (bluefish, etc.), demersal fish
(flounder, etc.), and waterfowl (canvasbacks) are top predators, and the energy
equivalent of the food they eat is exported from the system or expended in feedback
controls in the system.

MAIJOR GROUPS OF FLORA AND FAUNA IN THE BAY

The living components of the Chesapeake Bay ecosystem can be grouped many different
ways (classifications), depending upon the purpose. The following classification method
is used to give an overview of the types of organisms within the Bay. The seven
categories reflect both function and habitat. They are ordered from lower to nhigher
trophic level: phytoplankton, submerged aquatic vegetation, emergent aquatic
vegetation, zooplankton, benthos, fish and wildlife.
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Phytoplankton

Importance to the Bay. Phytoplankton perform a vital function in the Chesapeake Bay
ecosystem. They are the major primary producers in most of the Bay’s tidal waters,
thereby providing organic material to the food web and ultimately sustaining the
fisheries. Their relative importance has increased with the decline of the Bay's
submerged aquatic vegetation.

Many organisms depend on phy toplankton for part or all of their food supply. Copepods
utilize algae down to 8 um in size, and microzooplankters such as rotifers and tintinnids
can ingest even smaller forms. Larger species of phytoplankton can be used by
zooplankton and juveniles of pianktivorous fish. Benthic suspension feeders also graze
phytoplankton heavily. Oysters feed upon smaller species.

Not all species of phytoplankton are equally good as food, and some (such as toxic
dinoflagellates) are detrimental. "Nuisance blooms" of algae are primarily a summer
phenomena in Chesapeake Bay, but blooms of cold water dinoflagellates such as
Katodinium rotundatum have also been observed.

Physical description. Phytoplankton are microscopic, usually single-celled plants which

represent several divisions of algae. Functionally, the group comprises both net-and
nanno-plankton, the latter being species less than 10 um diameter. Soine workers further
identify ultra-plankton, which are species less than 2 to 3-um. This category would
include most planktonic bacteria, which are heterotrophs and, as a group, not well-known
in the Bay. '

Phytoplankton are pelagic, and are moved about by actions of currents and tides in a
manner not totally understood. They are found throughout the Bay although particular
species are limited to certain areas. Phytoplankton are not uniformly distributed
throughout the water column but are limited to the top of the water column in the
euphotic zone.

Net phytoplankton in the Bay are grouped by salinity range. Within each salinity range a
certain set of phytoplankton species is expected. Generally salinity ranges for the four
associations are:

Tidal Freshwater 0-5 ppt
Oligohaline/Low Mesohaline 3-10 ppt
Mesohaline 8-15 ppt
Polyhaline 13 ppt-Bay mouth

From area to area, and year to year, the exact composition of the various associations
changes as different species dominate. Typical associations within each of the above
groups are discussed in Chapter IV. As is illustrated by the overlap in salinities, there is
considerable overiap in the distributions of the various phytoplankton assemblages
relative to salinity. The overall effect is a continuous gradation from one association to
another with few abrupt changes.

The importance of nannoplankton was not appreciated until relatively recently. It has
been found that nannoplankton contribute 30 percent of total phytoplankton productivity
(biomass). The existence of nannoplankton was hidden due to the selectivity of sampling
gear. The mesh of traditional plankton nets allow nannoplanton to pass through. When

E-7




productivity studies were done it was found that part of the primary productivity was
unaccounted for; thus, researchers went searching for this missing component and found
nannoplankton. Due to the relatively recent discovery and the difficulty of sampling,
less is known about nannoplankton than net plankton.

Controlling factors. Knowledge concerning phytoplankton species in the Bay has
increased but much uncertainty still persists. Taxonomic identification is tedious for the
many algal groups represented in the Bay's phytoplankton. Their taxonomic diversity is
large and presumably reflects differences in ecological and physiological requirements.
Thus, it is difficult to generalize about phytoplankton as a group.

The distribution and abundance of phytoplankton is controlled by many factors including
light (penetration in the water column and length of day), salinity, temperature,
nutrients, predation, competition between species, circulation patterns, tides, winds, salt
wedge, and dissolved oxygen.

Live phytoplankton are limited by light penetration to the upper layers of the estuary.
Depth of the euphotic zone varies from area to area within the Bay. As a generality it is
shallowest at the fresh water estuarine transition zone, and deepest in the lower Bay. In
winter, the euphotic Zone is deeper than in summer months.

Temperature affects the Bay phytoplankton at both the community and the species
level: first, by determining what species are present, and second, by affecting their rate
of nutrient uptake, photosynthesis, and cell division.

Nutrient input from runoff is reduced during winter. However, elimination of thermal
stratification and overturn by wind action mixes the water column and moves nutrients
into the euphotic zone. Increasing insolations, rising temperatures, and initiation of
spring runoff triggers increased phytoplankton growth in spring. The spring
phytoplankton bloom is most pronounced in the polyhaline areas of Chesapeake Bay and is
dominated by diatom species.

The location and abundance of any particular species in the phytoplankton group is
cyclical in time and location. For example, see the diagram of annual transport of red-
tide dinoflagellate Prorocentrum mariaelebourae from its wintering area near the Bay
mouth to its bloom area in the Upper Bay (Figure E-II-3),

Studies of phytoplankton ecology, systematics, and productivity are common in the
Chesapeake Bay literature. In general, such investigations fall into two categories: (1)
those dealing with species composition, distribution and seasonality, and the factors
influencing them; and (2) those studies dealing with seasonal and spatial variations in
primary productivity, nutrients and nutrient/phytoplankton inter-relationships.

As a group net phytoplankton biornass (as measured by chlorophyll a concentration) and
productivity have been surveyed in Chesapeake Bay for over 30 years. In general,
biomass is highest in the spring months, moderate through the summer and has a orief
peak in early fall. The spring bloom is most obvious in the lower Bay.
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Primary productivity and standing crop observations in the northern half of the Bay show
that both parameters are maximum during the warmer seasons, particularly in the
oligohaline zone. Values are lower in the mid Bay stations and less variable seasonally.
Another difference observed is that upper stations tend to have a single warm season
peak rather than the spring/fall peaks observed in more saline portions of the Bay.

Nannoplankton which represent a significant fraction of phytoplankton biomass, also
accounts for much of the Bay's primary production. It has been found that these small
forms constitute 80 percent of the measured biomass (approximated by measuring
chlorophyll a) and over 85 percent of the productivity. There appears to be no particular
seasonal trend in the importance of the smaller forms.

Submerged Aquatic Vegetation

Importance to the Bay. Submerged aquatic vegetation is important in the Chesapeake
Bay for a number of reasons, including habitat, substrate, food source and source of
detritus. Habitat is probably the most important because aquatic vegetation serves as a
habitat for many species. These species include benthic invertebrates, fish, and even
other plant organisms (epiphytes). As an example, Table E-II-1 lists the dominant
infaunal species found by one investigator in Zostera marina beds in the Chesapeake Bay
area. A maximum of 62 species comprised by 32,913 individuals were found in these
beds. It has also been shown that significantly more species and infauna inhabit the
Zostera beds than in surrounding substrate (Figure E-II-4).

TABLE E-lI-1
RANK ANALYSIS FOR DOMINANT SPECIES BASED ON 110 SAMPLES
Mean Total
Biological Frequency of
Index Per Occurrence in

Species Sample 110 Samples
1. Heteromastus filiformis (P) 1.83 107

2, Spiochaetopterus oculatus (P) 1.72 92

3. Streblospio benedicti (P) 1.43 63

4, Nereis succinea (P) 1.36 82

5. Polydora ligni (P) 1.20 61

6. Ampelisca vadorum (A) l.11 74

7. Oligochaetes 0.99 76

8. Ampelisca abdita (A) 0.95 69

9. Prionospio heterobranchia (P) 0.74 52

i0, Edotea triloba (1) 0.62 64

11, Exogone dispar (P) 0.50 43

12. Macoma balthica (B) 0.45 19

13. Scoloplos robustus (P) 0.33 75

14. Lumbrineris tenuis (P) 0.25 20

P = Polychaete, A = Amphipod, I = Isopod, B = Bivalve,
From: Orth, 1973 (Ches. Sci. 14).
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Submerged aquatic vegetation can also serve as a substrate for organisms. Studies of the
epifauna of Zostera in the York River estuary found 167,000 individuals of 100 species in
48 samples of Zostera plants (Figure E-II-5). A study of Ruppia found more than 5,000
individuals per gram of grass.
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SAV beds are also important to more motile organisms in the Chesapeake Bay. In
particular, fish utilize submerged aquatic vegetation in several ways. These can pe
divided into the following categories: 1) fish eggs, larvae, post larvae and pelagic
juveniles, 2) resident fishes, and 3) migratory predators. The use of SAVs by resident
fishes is illustrated in Figure E-II-6. Figure E-II-6 also shows the larger number of fish T
found in Zostera and Ruppia beds compared with unvegetated sand. Of the fish
considered residents, spot (Leistomus xanthurus), was the most abundant in this study.
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A number of SAV species, such as Zostera marina, Ruppia maritima, and Potamogeton
perfoliatus are the preferred food of certain waterfowl. Besides waterfowl, muskrats _
and fish are also reported to feed on SAV. “

As primary producers, SAV also contribute to the organic detrital load of the Bay. The
detrital based food web is discussed in more detail under emergent aquatic vegetation
and in a later section on biological interactions.

Physical Description. Submerged Aquatic Vegetation are plants - usually rooted - which
live submerged below the water's surface. Submerged aquatics in Chesapeake Bay are
chieily angiosperms (seed plants), although some species (e.g., Nitella) are macroalgae.

Submerged aquatic vegetation (SAV) are found in the fresh, oligohaline, mesohaline and
pelyhaline waters of the Chesapeake Bay. Maximum depth of SAV in the bay is
approximately 3 meters, although in clearer water SAV species occur at greater depths.

Substrate does not seem to be a critical factor for any species in the Bay although
certain SAV species are commonly found on particular substrates. Approximately 20 o
species of SAV are found in the Chesapeake Bay, although the frequency of occurrence is
species dependent, with about 12 of the species forming dominant associates in at least
one area of the Bay (Table E-II-2).

Three associations of SAV were defined in a Virginia study. These associations were
characteristic of waters that are (1) fresh, (2) brackish water (less than 15 ppt salinity),
and (3) marine waters (greater than 15 ppt salinity). These associations are dominated by
a variety of genera including (1) Najas, Ceratophyllum, Elodea and Potomogeton in fresh
water; (2) Potomogeton, Zannichellia, Vallisneria, Callitriche and Myriophyllum in
brackish water; and (3) Zannichellia and Ruppia in marine waters.
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Submerged aquatic vegetation was apparently more common in the past than it is today.
Although a catastrophic decline in one species, Zostera marina, during the 1930's has
been documented for the Atlantic Coastal region, most of the records of SAV distribution
and abundance in the Chesapeake Bay date from the 1950'. o
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TABLE E-II-2

SUBMERGED AQUATIC VEGETATION FOUND IN MARYLAND AND VIRGINIA
WATERS OF THE CHESAPEAKE BAY

Callitriche verna
* Ceratophyllum demersum
Chara sp.
* Elodea canadensis
Elodea nuttallii
* Myriophyllum spicatum
* Najas spp.
* Nitella sp.
Potamogeton crispis
Potamogeton filiformis
Potamogeton foliosus
Potamogeton nodosus
Potamogeton pectinatus
Potamogeton perfoliatus
Ruppia maritima k
Vallisneria americana .
Zannichellia palustris '
Zostera marina

* k Xk %k %k %

* Dominant in the Chesapeake Bay (Orth et al. 1979, Stevenson and Confer 1978).

The historical data show a general decline in SAV distribution and abundance since the
1950's. Out of 21 river systems where SAV was reported in 1971, 19 showed a decline in
the percentage of sample sites with vegetation in 1977 (Figure E-II-7). The occurrence
of dominant SAV species in the Susquehanna flats has been documented from 1958 -

1975. Three of the species almost completely disappeared from this area after 1972,
Besides showing the decline of SAV on the Susquehanna flats, data also document the
increase and subsequent decline of Eurasian watermilfoil (Myriophyllum spicatum) at that
site, a phenomenon which occurred throughout the Chesapeake Bay. Studies of Zostera
in Virginia show a distinct decline in acreage between 1937 and 1978.

Controlling factors of distribution and abundance. The density of the submerged aquatic
beds varies considerably. Maximumzstanding crop of Myriophyllum spicatum was
calculated in June to be 108.16 g/m2 in the fresh oligohaline zone; iRuppia marina
biomass was calculated at 69.5 g/m” in July from an area in Eastern bgy; Zostera and
Ruppia mean standing crop were calculated at 73.2 g/m*” and 43.2 g/m* in August in the
meso-polyhaline areas of the Bay. '

Controlling factors of the abundance and distribution of submerged aquatic vegetation K
includes salinity, light, water quality parameters such as herbicides, turbidity and Y
nutrient enrichment, presence and density of epiphytes, water velocity, critical bed size,

proximity to seed beds, and grazing by animals such as waterfowi and rays.




FIGURE E-IllI-7

Frequency of Occurrence of Vegetated Samples and Indicated Change
by River Systems. Migratory Bird and Habitat Research Laboratory
Survey, 1971-19764a

Ares Lol A2 Qe e s Jws et Susber of stations
code River system % Veg. % Veg. $ Veg. 1 Veg. % Veg. % Veg. SVeg. 71 72 73 4 7S Y6 N

1 Elk & Bohemia

Rivers 6.6 0 0 ) 0 ) 0 15 16 16 16 16 16 16
2 Sassafras River 30.00 () 0 0 0 0 (] 10.10 10 10 10 10 10
3 Howell § Swsn

Points 16.67 0 0 0 0 0 (] 12 6 12 12 12 12 12
4 Castern Bay 34.04 .51 34.04 3%.17 21.74 42.22 2 a7 8 ¢ & s
§  Choptenk River. . 35.00 39.66 19.30 21,49 1.12 41.07 25 6 68 57 56 S8 56 &0
[ Little Choptank .

River 21.05 21.05 0 0 (] 16.79 5 19 19 19 19 19 19 19
7 James Island & '

Hongs River “.12 35.29 2.94 5.88 5.8 8.8 3 kYIS T IR "IN VIR TR VI V)
8  Honga River 50.00 40.00 13.33 16.66 10.35 17.34 3 3073 30 30 9 29 W
9  Sloodsworth Is. 37.50 22.73 10.87 11.63 6.98 2.22 4 4 4 46 43 43 45 46
10 Susquehanna

Flats “.a 2.70 () 13.51 1nu 8.57 11 27 3 3 N ¥ I W
11 Fishing Bay 8.00 4.00 0 ) 0 0 0 25 25 25 25 24 25 25 '
12 Nanticoke &

Wicamico Rivers 0 0 0 0 0 0 0 30 3 3 31 0 N
13 Manokin River 40.00 46.67 13.23 20.00 1.04 . 6.87 20 15 15 15 15 14 15 15
14 Patapsco River 0 5.00 4.76 9.52 9.52 14 A 20 2 2 oa a :
15 Big & Lattle . -

Annemessex Rivers  70.00 60.00 30.00 57.89 3.3 30.00 0 20 20 20 19 18 20 20
16 Gunpowder § Bush ’

River Hesdwaters 1.1 0 0 ()} 0 n S 8 7 9 0 9 9
1Y) Pocomoke Sound

(marylana) 18.18 10.00 4.76 15.00 9.09 10 2 202 0 2022 2
18 Magothy River 33.33 [ 16.67 15.66 - 16.67 13 12 12 12 12 0 12 12
19 Severn River 40.00 20.00 26.67 25.67 - 46.15 20 15 15 15 1§ 0 13 15
20 Patuxent River 2.00 4.26 0 400 . O 2.04 2 S0 47 S0 SO 47 &9 SO
21 Back, Middle &

Guhpowder Rivers 13.64 4.5 4.55 1.58 9.09 4.55 9 2 2 2 2 2
22 Curtis & Cove

Points (| (] ()} 0 0 0 0 20 19 19 19 6 21 21
23 South, West &

Rhode Rivers ()} v 0 0 (1 12.50 0 61010 8 8 8 10
24 Chester River 61.11 3%.11 26.47 23.52 25.00 %N 3 % 36 M M ¥ I ¥
25 Love & Kent

Points 0 [ 0 12.50 [ 0 0 ¢ &8 & 8 5 0 8
2  sattn Island '

(maryland) 6.7 45.46 25.00 35.29 2.2 35.29 ] 7 u vy waw

Totel 28.53 20.9¢ 10.49 14.85 .70 14.97 12 624 615 629 611 552 628 645

8 y.S. Fish and Wildlife Service Wigratory Bird and Mabitat Resesrch Laboratory files 1977
® preiteinary results (Stotts, personal communication)

Source: StevenSon and Confer (1978).
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Emergent Aquatic Vegetation

Importance to the Bay. Wetlands are valued as habitat and food sources for a large
number of aquatic and terrestrial organisms, as a source of detritus and nutrients, and in
erosion control.

Fish utilize the marsh for spawning, as a nursery, and/or as an adult feeding area,
depending on the species. For an example of the diversity of use, the 44 fish species .
which utilize the marsh in Dorchester County are listed in Figure E-II-8 along with the iy
type of usage, season of usage, and abundance.

Waterfow! and animals such as muskrats and nutria utilize the leaves, stalks, rhizomes,
and seeds of the vegetation for food. Muskrats and nutria live year round in the marsh;
both migratory and resident waterfowl depend on the wetlands for cover and nesting
habitat, as do some song birds. Many birds such as herons and egrets feed on the fish and
invertebrates which live in the marsh.

Most of the primary production of tidal marshes enters the vast coastal detrital food
web, and nutrients are released upon decomposition. Many estuarine organisms at the
lower end of the food chain (e.g. copepod Eurytemora affinis) utilize detritus and/or the
microorganisms it supports as a food source. These organisms in turn serve as food for
other organisms. ‘ '

Fresh water marshes tend to be a more important direct food source to waterfowl and
animals such as muskrats than brackish water marshes. Both fresh and salt water . X
marshes contribute detritus to the estuary. N

There is evidence that freshwater marshes function differently than salt marshes in
terms of export from the marsh. Export from freshwater marshes may contain more
dissolved organics and salt marshes may export a higher percent of particulate organic
material, since freshwater species (e.g. Peltandra virginica) have been shown to
decompose more rapidly than Spartina alterniflora a major salt marsh species. botn tne
dissolved and particulate organic materials contribute to the productivity of the Bay.

Marshes are effective in preventing erosion. Most notable in this role is Juncus
roemerianus which has a dense rhizome structure.

Physical description. Emergent Aquatic Vegetation are plants which grow in partially
submerged, regularly or occasionally flooded, or in wet soils. They make up the bulk of
vegetation in marshes and other wetlands. Wetlands compose the ecotone between the
aquatic and terrestrial ecosystems.

The Chesapeake Bay tidal wetlands system comprises one of the great tidal wetlands
systems in the United States. In Maryland, tidal wetlands have a total area of aoout
210,000 acres, while in Virginia there are more than 90,000 acres of tidal wetlands.

There are many classification systems which have been developed for wetlands.
Wetlands are generally classified according to the type of emergent aquatic vegetation
present. The dominant species depend upon the level of salinity and frequency and
duration of flooding.
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FIGURE E-lI-8

Maryland Salt Marsh.

Al B st el A S joul Nl Sedt 4

Usesge Sesson of Umage. | Abundance 1
Fuh species present 4 % r ! ¥ E
- B IHHAHR T
Scientific name Common neme - - I ol | -‘_‘
*Petromyron merinus s lamprey x
CQurcharhinus leucss buil shark x x
Corcharhinus milberti sndbar shark x x
Sohyrra zygeens hammerhesd shark x x
Raje eglantevia clesrnose skate x x
Rhinopters bonssus cownase rey x x
*Acipenser oxyrhynchus Atlantic sturgeon x x x
Al sestivelis blusbeck herring x x x
*Alose mediocris hickory shed n x x
*Alose pesudoherengus slewife x x x
*Aloss sapidissime Amaerican (white) shad x x x
Srevoortie tyrannus Attentic menhaden x x x x x
Dorosome cepedisnum gizzard shed x x x x
Anchos mitechilli bey snchovy x x x x x { x x
Cyprinus corpio Carp x x | x
Notropis hudsonius spottsil shiner x x
letalurus catus white catfish x x
Anguilla rostrata Amaetican ool x x x| x| x x x
Strongyiure merina Atlantic neediefish x x x x| x| x| x] x
Myporhamphus unifascistus haifbeak x x x x x
Cyprinodon variegetus sheepshead minnow x x x x| x} x| x] x
Funoulus heterociitus mummichog x x x x x x x x
Funduius mejalis striped killifish x x x x ] x x x
Lucenis parve raipwater killifish x x x x| x| x| x| x
Syngnethus fuscus northern pipefish x x x x| x| x| x| x
*Roccus smericenus white perch x x x x| x x x x
*Roccus sexstilis stripad bass x x x x| x| x| x| x
Baircielis chrysurs mademoiseile x x x x x
Cynoscion regelis greytrout (weskfish) x x x | = x
Cynoscion nebuloss wotted sestrout x x x | x x
Pometomus sltetrix bluefish x x x | = x
Leiostomus xanthurus spot x x x | x x
Mieropogon undulstus Atlantic croaker x x x x x
Pogonias cromis biack drum x x x| x x
Scisenops ocellete channe! bass {red drum} x x x| x
Chesmodes bosquianus striped blenny x x x x| x| x
Poprilus slepidotus butterfish {Southern harvestfish) x x | x
Menidie menidie Atlantic silverside x x x x| x| x| x
Perglichthys dentetus summer flounder x x x
Pesudopleuronectes smercenus | winter flounder x x x x
Trinsctes meculstys hog choker x x x x| = x| x
Gobissox strumosus clinglish (skitietfish) x x x x| x x x
Opaanus suv oywer toadfish x x x x| x x x
Spheroides meculstus northern puffer x x
Total 20| 3t |2|24]|Mj0 8|21 4112

Fish Species Present and the Type of Utilization in a Dorchester County,

® Aduits prasent during spewning Migration, but not used 88 8 ewNing ground per se.
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One classification scheme divides the wetlands into three categories: coastal
freshwater, coastal brackish water and brackish irregularly flooded marsh. The coastal
freshwater marsh is confined to freshwater. The coastal brackish water marsh occurs
from low mesohaline to polyhaline regions and is flooded regularly. The brackish
irregularly flooded marsh is found in low mesohaline to euhaline regions in areas subject
to less tidal inundation than coastal brackish.

Coastal fresh marshes typically have a high diversity of species and a mixture of
abundant species. The following emergent plant species are very common in coastal
fresh marshes although other species are also found:

Acorus calamus Polygonum spp.
Hibiscus palustris Pontederia cordata
Leersia spp. Sagittaria latifolia
Nuphar leiteum Typha angustifolia
Peltandra virginica Typha latifolia
Phragmites australis Zizanija aguatica

Coastal brackish marshes generally have a lower diversity than fresh water marshes with
species often occurring in large monospecific stands. Emergent plant species which are
common in coastal brackish marshes include the following: '

Baccharis halimifolia Salicornia spp.
Distichlis spicata Scirpus spp.

Iva frutescens Spartina alterniflora
Limonium carolinianun Typha spp.

Brackish irregularly flooded marshes are generally dominated by Juncus roemerianus.
Species diversity is usually extremely low because Juncus typically occurs in large
monospecific stands. Other species such as Spartina alternitiora, S. patens, and
Distichlis spicata may be present near the margins of the Juncus marsh.

Tidal wetlands are classified differently by Virginia and Maryland. The acreages of each
type by county are given in Figure E-II-9 and Figure E-II-10.

Tidal marshes in the Chesapeake Bay area are productive systems. Researchers have
measured standing crop in several locations aroxg‘nd the Bay. 91e standing crops of
individual community types ranged from222 g/m” to 2160 g/m*“ with most of the
communities between 500 and 1400 g/m*”.

Controlling factors. The differentration between fresh water marsh and salt water

marsh is determined by two factors: salinity and period of inundation. Fresh water
marshes are found at the head of the Bay and at the tidal limits of the major

tributaries. Salt water marshes are found downstream of freshwater marshes, where the
salinities are 3 percent or greater,

Within fresh and salt water marshes there is a progression of species from those near
open water to those of the upland. Fresh and salt marshes give way to uplands as the
elevation of the land increases. The transition to uplands species involves two primary
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factors. At the lower level of the transition zone, the species composition is determined
vy the frequency of tidal inundation. At the upper level of the transition zone,
competition with upland species limits the species composition.

Salt marshes in the Chesapeake Bay have a lower zone, usually composed of Spartina
alterniflora, which receives daily tidal inundation, and an upper zone where the tides do
not reach on a daily basis. The upper zone usually consists of a short grass meadow,
composed of Spartina patens and Distichlis spicata, frequently interposed with Juncus
roemerianus. Other, less abundant species may be present. The transition zone between
salt marsh and uplands is often marked by lva frutenscens and Baccharis halimifolia, witn
Baccharis being the most landward plant.

The freshwater marsh - upland boundary is more difficult to identify. This is prooably
due to the absence of the salinity factor in freshwater marsh delineation. Patterns of
zonation within the marsh are also difficult to identify, which is made even more
difficult by the greater species diversity in freshwater marshes. Prevalent zonation and
associations are between Nuphar luteum in deeper water and Peitandra
virginica/Pontederia cordata above it. Above this Zone the species can become quite
diverse, and, in the absence of relief, the marsh may merge very gradually into swamp
forest or wet upland. .

Zooplankton

Importance to the Bay. As in most estuarine food webs, zooplankton represent the
important primary consumers in the Chesapeake Bay. Thus, zooplankton are a key link in
the transfer of phytoplankton production to higher trophic levels. Zooplankton regulate
phytoplankton abundance and the availability of food for higher orgariisms.

Zooplankton, particularly copepods, are an important food source for larval and adult
fish, including menhaden. High densities of certain copepods, cladocerans and rotifers
have been shown to be critical to the survival and development of larval anadromous
species such as striped bass.

Ctenophores and cnidarians (combjellies and jellyfish) are an important fraction of the
Bays plankton community. They exert significant grazing pressure on other zooplankton,
particularly during the summer months. While the primary food of these ctenophores and
cnidarians is zooplankton, they also ingest a certain amount of larger phytoplankton,
detritus and associated ickthyoplankton and in the case of cnidarians, juvenile and small
adult fish. The major consumers of these organisms are (1) larger species of ctenophores
and cnidarians and (2) butterfish and harvest fish (Peprilus sp.). Ctenophores and
cnidarians are also important to the cycling of the nutrients phosphorus and nitrogen.
Zooplankton fecal material enters the detritus/bacteria pathway and may in turn be used
as food for other species.

Another function of zooplankton is that in filtering the water for food sources, many
zooplankton also remove inert suspended solids from the water column. Ingested inert
materials are combined in the fecal pellet, which then sinks due to its density. Copepods
in particular have been described in this function. This function may be significant in
reducing turbidity in areas since copepods are present in such densities that they filter
the equivalent of 25 percent of the water in the entire Chesapeake Bay every day.
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Physical description. Zooplankton are usually small/microscopic animals from several
phyla. The group is composed of holo-plankton, species which are planktonic through
life, and meroplankton, species which spend only part of their life cycle as plankton. The
majority of the zooplankton are primary consumers which utilize phytoplankton for a
food source. Some components are carnivorous forms such as ctenophores and the
planktonic larvae of invertebrates and fish,

[

PARAA)
a8 e

4

N
)

Copepods are often the dominant members of the zooplankton community, both in
numbers and biomass. Thirty-three families and 73 species of copepods have been
reported in the Bay. Of these 73 species, about 5 are abundant. In a study done on the
Patuxent River, copepods comprised 98 percent of total zooplankton (excluding
ctenophores and cnidaria). Eurytemora affinis dominated upriver in low salinities, while
Acartia tonsa was most abundant downstream except during March and April when it was
replaced by A. clausii.

” Population densities of copepods arg commonly 100,000 to 200,000 individuals per m3 and
- sometimes exceed 1,000,000 per m~ during the perigd from April to October. Annual :
productivity ranges from 16-28 g. dry weight per m“ per year depending on location in . N
o the estuary. ‘ k

- Controlling factors on distribution and abundance. The distribution of the Bay's

*3 zooplankton is determined by salinity, season (light and temperature), availability of food

OIS (phytoplankton and detritus) and predators. A relatively sharp distinction in zooplankton

e species composition has been documented at 5 ppt. A study done on the mainstream of
the Bay found species composition in the 20 to 5 ppt salinity zone to be dominated by
Acartia tonsa or clausi, Qithona colcava, Podon polyphemoides and the rotifer

- Synchaete. Below 5 ppt dominant species include Eurytemora, Bosmina longirostrus and

- Brachionis calicyflorus.

In the upper Bay and upper reaches of the tributaries, the zooplankton composition is
greatly influenced by the level of freshwater inflow; while intrusion of typical marine
species often occurs in the lower Bay.

The factors controlling the distribution of copepods were documented above in the
description section. Some specifics of ctenophores and cnidarians are provided there as
well, although knowledge on the functional ecology of these species is lacking.

Relatively little is known about the abundance and seasonality of micro-zooplankton such
o as rotifers, tintinnids and other protozoans. Since these forms feed typically on .
nannoplankton, are extremely abundant, and have rapid metabolic rates and fast turnover
- rates, they probably contribute greatly to energy flux through the ecosystem. What is

' known, however, reveals rotifers to be an important source of food for some species of
larval fish in oligohaline nursery greas. Tintinnids have been documented to be present in
numbers greater than 500,000 m~, but little has been published on their role in the Bay.

Benthic Organisms

Importance to the Bay. Benthic organisms represent a major component of the estuarine
ecosystem. Many benthic organisms are primary food sources for fish, waterfowl, and
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crabs; others are of economic importance. They play major roles in nutrient recycling,
sedimentation, sediment chemistry, oxygen dynamics and marine fouling.

Physical description. The benthos is comprised of organisms, mainly invertebrates, which
live associated with the substrate. These may be epifauna - species which live attached
on or above the bottom - or infauna, species which burrow into the substrate. Some
species, such as crabs, are benthic oriented, but are motile or vagile, capable of
considerable swimming. Other species are benthic only at some stage of their life cycle,
such as the sea nettle (Chrysaora quinquecirrha). The benthos is often divided into macro
- (greater than 0.5 mm), meio - (0.5 - 0.1 mm), and micro-benthos (less than 0.1 mm). Of
these, only the macro-benthos is well-known in Chesapeake Bay. Because of their
importance to the Bay, there is extensive literature on Chesapeake Bay benthic
invertebrates. However, many of these have dealt with a few commercially important
species such as oysters or clams. Noncommercial species have not fared as well, and
groups such as meio- or microfauna are virtually unknown.

Sessile epifauna are generally limited to hard substrates, and are extremely numerous in
these environments. Many of these are considered to be "fouling organisms" which have
been extensively studied because of the costs to marine industries, and potential damage
to oyster beds. Biofouling of oyster beds by a variety of organisms in the mid- and lower
Bay, has been investigated. Researchers found wide variability in epifaunal communities
depending on season, salinity, temperature, time of recruitment, turbidity and effects of
competion for space. The community was dominated by barnacles in autumn, winter, and
spring, while ascidians predominated in summer. Both competition for space and
sedimentation affected survival of the various organisms.

Infaunal benthic organisms have been extensively studied in the Chesapeake Bay. The
earliest surveys were mainly qualitative and directed towards commercially important
species such as the oyster or clam. Investigations of benthic assemblages and organism
interrelationships have become more common since the 1950's. The abundance, growth,
and survival of six bivalves correlated to varying degrees with sediment type. A sample
of benthic infauna in the upper Bay oligohaline zone, found that the majority of the 66
species recorded were soft-bottom deposit-feeders well adapted to a turbid
environment. Only three species (Czathura polita, Leptocheirus plumulosus, and
Scolecolepides viridis) were permanent dominants; other species showed seasonal cycles
of abundance mediated by temper?ture or salinity. Average biomass values ranged
between 0.4 and 6.4 g dry wgt m™ ";populationdensities and biomass were lowest during
the spring months. Another upper Bay study again showed benthic populations to be
dominated by a few species: four taxa represented 77 percent of the specimens
collected. Sediment type was more important than depth in determining station
similarity, although deep stations were the least diverse,

The distribution of macro benthos against the Bay-York River salinity gradient was
investigated. In general faunistic changes were gradual and uniform, although certain
zones of accelerated change corresponded to particular salinity regime. The 176 species
recorded could be divided into five groups based on origin, extent into estuary, life
history, and salinity tolerances (Figure E-lI-11). These are:

° stenohaline marine,
) euryhaline marine
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° euryhaline opportunistic,
) estuarine endemic, and
] freshwater.

Sampling of the polyhaline macrobenthos of the lower James River found that over 60
percent of the 93 species exhibited marked periodicity in their occurrence, reflecting
seasonal spawning and recruitment. Diversity was highest in sand and muddy-sand sites,
and during warmer months.

An investigation of the mesohaline, oligohaline, and freshwater areas of the James River
showed a gradual decrease in diversity along the salinity gradient, reaching a minimum in
the oligohaline and tidal fresh water areas, then increasing again in the nontidal limnetic
zone. This apparently reflected both salinity stress and lack of diverse habitats.

Studies in the mesohaline communities near Calvert Cliffs, found depth and sediment
type to mediate the structure of these associations. Seasonal depletion of the deepest (9
m) habitat occurred due to summer hypoxia, followed by fall-winter-spring re-
colonization.

Benthic organisms may also serve as habitats for other species. The oyster is of
particular importance in Chesapeake Bay. Oyster bars shelter densities of organisms an
order of magnitude or so greater than the surrounding soft-bottom communities. In
addition, productivity can be greatly enhanced. This is similar to the effects of
submerged aquatic vegetation beds, and emphasizes the importance of shelter and
substrate stability to benthic communities.

Controlling factors on distribution and abundance. The seasonal and spatial distribution
of benthos Is primarily mediated by physical factors of the environment (chiefly salinity,
substrate type, dissolved oxygen, and temperature). In addition, predators exert a
controlling effect on the population densities of many Chesapeake Bay benthic
organisms.

Fish

Importance to the Bay. Fish are a very conspicuous component of the Chesapeake Bay
fauna. Fish and shellfish are the resources for which Chesapeake Bay is perhaps best
known.

Fish inhabit nearly every habitat in the Bay, and, collectively, consume at all trophic
levels. Most abundant are the grazers (menhaden), consumers of zooplankton (anchovies,
silversides) and bottom invertebrates (hogchoker, white perch). Some are generalized
predators (striped bass) while others live mainly on molluscs (drums, cownosed rays),
fishes (bluefish), or crustaceans (oyster toadfish),

Both commercial and sport catches are important in the bay. In 1974, an estimated 35
percent of the finfish catch was commercial and 65 percent was sport fishing (not
counting menhaden and fish for reduction). Greater than 100,000,000 pounds of fish were
harvested in 1974,
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Sampling surveys in Maryland in 1974 have shown that for five species of finfish the
recreational catch was greater than the commercial catch. These species are striped
bass, bluefish, white perch, croaker and spot.

Physical description. There are 287 species of fish which have been reported to occur
within the Chesapeake Bay drainage below the fall line or within tidewater. The fish
fauna may be divided into four ecological groups based upon salinity and migration
patterns: diadromous species, estuarine species, marine species and freshwater species.
Eleven species of diadromous fishes occur, including 10 species which are anadromous
and 1 catadromous. Only 24 species are resident fauna of the estuary and therefore
classified as estuarine. (Actually this number is augmented by three anadromous fishes
and two marine species.) Of the 174 marine species, 59 are regular summer visitors, 93
are sporatic summer visitors, six are regular winter visitors and 16 are sporatic winter
visitors. The freshwater component of the fish fauna includes 46 species which normally
inhabit the coastal plain and 32 species which occur only occasionally as strays from
above the fall line or which rarely enter the Chesapeake drainage through the Dismal
Swamp.

P AR AN

Fish make up the bulk of the Chesapeake Bay nekton species, although various life stages .
may be part of the benthos or plankton. Nekton are those animals which are free N
swimming and essentially independent of water movements. Fish are divided into two - ;
groups based upon the primary feeding area of the adult: demersal and pelagic.’

Demersal fishes are those which are associated with the bottom and feed chiefly on - -
penthic organisms, such as spot (Lieostomus xanthurus). Pelagic species feed in the
water column chiefly on fish and microinvertebrates, or plankton.

Controlling factors of distribution and abundance. Finfish population sizes are a basic , i
concern in the Chesapeake Bay. This is due to their direct economic importance and
recognition by the general public.

Much is known of the biology of the economically important species and a few others
which are important forage species (bay anchovy, silversides). There is also considerable
literature on the physiology of certain species which are suitable for laboratory
experimentation (mummichog and oyster toadfish). However, many species remain
poorly understood from a biological viewpoint because they are infrequently collected or
seem to have little direct economic importance.

Population size can be considered in numbers of organisms (population) or weight of .
organisms (biomass). Of these, biomass is often considered the most ecologically useful R
parameter. «

The population growth of any particular species of fish is based upon current population
plus recruitment minus exports. Recruitment is a function of birth rate, survival rate of -]
juvenile fishes, growth rate, and import from sources outside the Bay. Exports include e
out migration from the Bay, natural death, loss as prey for other animals, and harvest.
These factors in turn depend upon such things as feeding pressure of predators, fishing
pressure, food availability, ability to switch food source, salinity, temperature,
precipitation, water quality, availability of suitable spawning habitat, crowding and
competition.

-

‘l,‘l.\ltl

There are population growth equations available for individual economically important
species which take this information into account. However, biomass determinations for
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the fish of the Chesapeake Bay and tributaries are sparse. Thus population and biosnass
estimates are frequently made from landings data. In addition to the National Marsne
Fisheries Service Annual Statistical Digest giving landings by species and by state, ten
localized studies are available within the Study Area giving landings and sometimes catch
per unit effort over a range of years for many major species. Researchers have tried to
correlate physical factors with commercial fish and shellfish landings. These studies
have shown that more than 50 percent of the catch variation in most species can be
explained by annual variations in temperature, salinity and precipitation. This suggests
that economic effects such as market-value may be less important than previously
thought, and that catch data can be a useful indicator of ecosystem productivity, at least
to a limited degree for most fish species.

Juvenile fish survival and growth is an important component of the adult population and
available catch. Many marine, estuarine, and freshwater fishes utilize the low salinity of
the Bay as a nursery. The importance of this common nursery is illustrated in Figure E-
[I-12. Alosid juveniles depend upon anchovy and silversides as well as young menhaden
for their growth in this nursery area.

Dietary requirements are most specific for larval fishes particularly in terms of food"
value, food availability, and food particle size. For example, the concentration of
Brachionis (a rotifer) and Bosmina (a cladoceran) in the nursery area has been shown to
strongly influence larval growth rates and survival of larval Alosa and Morone fishes.

Habitat modifiers are important factors in the growth of many fish. For example the
oyster Crassostrea is a habitat modifier for a variety of benthic invertebrates which in
turn are food for the ~~oaker. Croakers tend to associate with oyster reefs and major
changes in the extent or condition of the oyster reefs would be reflected in the growth
and condition of the croaker. Another habitat modifer for fish is eel grass, Zostera
marina. Eelgrass provides cover for forage fish, richer species diversity for benthic
grazers and an additional food source in the form of epiphytes. Zostera beds are
important to the juvenile populations of silverside, spot, croaker and white perch,

wildlife

Importance to the Bay. Grouped under the wildlife heading are marine birds, waterfowl,
amphibians, reptiles and mammals. These animals are all important to the productivity
and ecological balance of the Bay, serving as both predator and prey. Many directiy or
indirectly contribute to the economy of the area and to the human enjoyment of the Bay.

The Chesapeake Bay is well-known for its waterfowl hunting. During the 1977 and 1973
hunting seasons the mallard was the species most frequently taken. Black ducks, scaup,
wood duck and Canada geese were also taken. (See Figure E-II-13) Total harvest for the
Chesapeake Bay in 1978 was 316,900 ducks, and 137,400 Canada geese.

The importance of waterfowl to the productivity of the Bay is evident by examining their
food habits. Food habits of waterfowl on the Chesapeake Bay and adjoining estuaries
vary greatly from one species to another, from one habitat to another, and also are
influenced by seasonal changes in availability of foods. For the majority of waterfowl,
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FIGURE E-lI-13

Percentage composition of the 1977 and 1978
Hunting Kill for Maryland and Virginia

SPECIES PERCENTAGE OF KILL IN EACH STATE
Maryland Virginia
1977 1978 1977 1978

Mallard 33.3 38.8 23.5 30.3
Black Duck 12.9 24.7 8.4 - 14.1
Gadwall 0.8 1.8 4.8 5.6
Baldpate 2.2 4.1 6.0 6.0
Green-winged Teal 2.2 10.4 5.0 5.1
Blue-winged Teal 0.1 1.0 1.0 3.7
Shoveler 0.1 1.0 0.6 0.1
Pintail 2.2 1.8 2.4 1.5
Wood Duck 0.5 4.9 21.6 17.4
Redhead 0.0 0.0 0.0, 0.0
Canvasback ; 0.0 0.0 0.0 0.0
Greater Scaup 3.3 0.2 0.8 0.4
Lesser Scaup 20.6 0.2 10.5 0.3
Ringneck 0.1 0.2 4.3 6.0
Goldeneye - 0.7 2.0 2.1 1.3
Bufflehead 3.9 2.6 4.0 3.1
Ruddy 0.7 0.2 0.2 0.6
01d Squaw 3.8 1.8 0.8 0.0
Scoters 6.2 1.1 0.4 0.0
Hooded Mergansers 0.3 0.0 1.8 2.3
Other Mergansers 0.0 0.0 0.5 0.0
Other ducks 0.0 0.0 0.0 0.0
TOTAL RETRIEVED KILL
(number of ducks)

74,995 183,772 130,077 133,140

Source: Administrative report, U.S. F.W.S., 21 June 1979.
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widgeongrass (Ruppia maritima) probably is the most important single food item. Corn,
is an important food for many kinds of waterfowl. Other food plants that are commonly
used include wildcelery (Vallisneria americana), eelgrass \Zostera marina), olney
threesquare (Scirpus olneyi), and dotted smartweed (Polygonum punctatum). The more
important animal foods in the region are the bivalve Baltic macoma (Macoma balthica),
the little surf claim (Mulinia lateralis), the saltmarsh snail (Melampus bidentatus),
various tiny gastropod mollusks (including Littoridinops sp., Bittium sp., and Acteocina
canaliculata), amphipod crustaceans (Gammaridae), mud crabs (Xanthidae), and inidge

larvae (Chironomidae).

Aside from serving as favorite game species for many sportsinen, ducks and geese are
preyed upon by mammalian and avian predators, including the red fox, gray fox, mink,
otter, raccoon and various hawks and owls. In addition, dead waterfowl are utilized as
food by carrion-eaters, including the turkey vulture, common crow, fish crow, herring
gull, and ring-billed gull. During the spring and early summer, the eggs of breeding ducks
along the Eastern Shore are often devoured by crows, gulls, raccoons, skunks, and pilot
black snakes.

There are no estimates of the overall abundance of amphibians in the Cnesapeake bay
region, and there is little information on the relative abundance of the various species.
.However, the numbers of individuals within single populations of certain species may be
very large. It has been reported that a single breeding congress of Hyla cinerea may
contain thousands of individuals.

Although a number of species of amphibians are seldom observed during most of the year
(and might consequently be considered rare), they are conspicuously abundant during the
time of breeding. Examples include Scaphiopus holbrooki, Ampystoma maculatum, and
Ambystoma tigrinum.

Although no specific estimates exist, it is probable that Bay amphibia are important
factors in the food chains of marsh and aquatic areas. Amphibians are eaten by fish,
reptiles and mammals. Amphibians in turn eat a variety of food items. [adpoles are
usually regarded as vegetarians, but are occasionally carnivorous, and sometimes
cannijbalistic. Salamander larvae, and adult toads, frogs, and salamanders are entirely
carnivorous, and primarily insectivorous, although they also consume reptiles, amphibians
and fish. The importance of amphibians in controlling pest insects such as the mosquito
nas not been studied in the Chesapeake area, but this control function is likely, given
observations in other systems.

The importance of the reptiles to the productivity, ecological palance and health of tne
Bay is apparent from a description of the trophic interactions of lizards, snakes, fresn
water turtles and sea turtles. Lizards and snakes are preyed upon by a wide variety of
reptiles, birds, and mammals, and form a significant link in the food chain in the
Chesapeake Bay region. Except for hatchlings, which are sometimes eaten by birds,
turtles have few natural enemies. Some species, however, are harvested by man.

Regional lizards are predominately insectivorous, although all of them consume a variety
of other invertebrates including snails, spiders, and millipedes. Large speciments of
Eumeces occasionally eat young lizards and mice. Bay area snakes are all carnivorous,
and the food varies greatly from species to species. The diet of a single species may
contain a wide variety of food items. For example, it has been documented that Coluber
constrictor feeds on reptiles, mammals, birds, insects and amphibians (arranged in
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decreasing order to percent frequency). Certain water snakes subsist almost exclusively
on frogs and fish while the king snake, Lampropeltis getulus, frequently feeds on other
reptiles including the copperhead, Agkistrodon contortrix. The smaller snakes
(Diadophis, Storeria, Virginia) feed, collectively, on insects, insect larvae, and
salamanders. Only one regional snake, Farancia erytrogramma, has a highly specialized o
diet. Studies have shown that it feeds exclusively on the common eel, Anguilla rostrata.

Among the fresh water turtles, at least five species (Clemmys insculpta, Chrysemys
picta, Terrapene carolina, Chelydra serpentina, and Sternothaerus odoratur) are
omnivorous. Diets vary widely, however, among these species. Thus 61 percent of the
diet of Chrysemys picta consists of plants, while Sternothaerus odoratur consumes fish,
carrion, crayfish, insects, snails, clams, and plants (arranged in decreasing order of
frequency eaten). Clemmys guttata is almost exclusively insectivorous. Chelydra
serpentina is a voracious feeder, and sometimes attacks and drowns ducks floating in the o
water. Figures of percent composition of its food, however, indicate that it feeds mainly -
on plants, fish, and carrion.

Malaclemys terrapin, restricted as it is to the estuarine environment, feeds mainly on - et
crustaceans and molluscs. With the exception of Chelonia mydas, which is exclusively e
vegetarian, the sea turtles are omnivorous. As a group they consume aquatic vegetation, e
jellyfish, sea urchins, molluscs, crabs, sponges, and fish. The leatherback turtle may feed
selectively on jellyfish, and the throat of this species is especially modified to assist in ' -
swallowing this prey. ' o

Mammals contribute to the trophic structure of the Bay by serving as both predator and
prey. Some are also harvested by man. Mammals inhabit a variety of habitats from open .
water (whales, dolphins, seals) to marshes (mole, rabbit, nutria, raccoon) and adjacent ey
uplands (role, fox). A variety of foods support the mammals. For example, tne preferred
food of muskrat is olney three-square, cattails and peckeril weed; beavers prefer

sweetgum, pine and red cedar trees; otters feed heavily upon crayfish and minnows; and -
mink consume mice, rabbits, frogs, snakes, salamanders, birds, crawfish and muskrat. SO
Mammals are consumed by a variety of animals including pirds, reptiles and o
amphibians. Deer are hunted by man. Co

Physical Description. Numerous waterfow! and shorepirds, and some water-oriented N
amphibians, reptiles, and mammals use the estuary and adjacent wetlands for food,
shelter, and breeding areas. The dependence on the estuary varies from species to
species.

There are 223 known species of birds dependent upon the open waters or wetlands of the .
Chesapeake Bay. Many birds are migrants and utilize the area seasonally. Birds have T
been categorized into habitat groups: open water (86 species), wooded swamps (30 :
species), fresh marsh (29 species), salt marsh (28 species), fresn and salt marsh (£3
species) and beach (20 species). Open water species include the osprey and caspian
tern. The marsh, swamp, and beach categories are mostly waders, ducks, rails,
shorebirds, terns and passerines.
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Chesapeake Bay is the constricted neck in the gigantic funnel pattern that forms the
Atlantic Flyway. Most of the watefowl reared in the area between the western shore of
Hudson Bay and Greenland spend some time in the marshes of the Bay and its tributaries
during their migrations. Good wintering areas adjacent to preferred upland feeding
grounds attract more than 75 percent of the wintering population of Atlantic Flyway
Canada geese. The marshes and grain fields of the Delmarva Peninsula are particularly
attractive to Canada geese and grain-feeding swans, mallards, and black ducks. The
Susquehanna Flats, located at the head of the Bay, support flocks of American widgeon in
the early fall, while several species of diving ducks, including canvasback, redhead,
ringneck, and scaup, winter throughout Chesapeake Bay. About half of the 30,000
whistling swans in North America winter on the small estuaries in or around the Bay.
While the Chesapeake is primarily a wintering ground for birds that nest further north,
several species of waterfowl, including the black duck, blue-winged teal, and wood duck,
find suitable nesting and brood-raising habitat in the Bay Region.

In addition to waterfowl, many other species of birds are found in the Bay Area. Some
rely primarily on wetlands for their food and other habitat requirements. These include
rails, various sparrows, marsh wrens, red-winged blackbirds, snipe, sandpipers, plovers,
marsh hawk, shorteared owl, herons, egrets, gulls, terns, oyster catcher, and curlews.
Many of the above species are insectivores, feeding on grasshoppers, caterpillars,
beetles, flies, and mosquitoes, while other feed on seeds, frogs, snakes, fish, and
shellfish. There ‘are numerous other birds which rely more heavily on the wooded uplands
and agricultural lands for providing their basic habitat and food requirements. Among
these species are many game birds, including wild turkey, mourning dove, bobwhite quail,
woodcock, and pheasant. It should pe emphasized that some of these species require ooth
an upland and a wetland habitat. Significant populations of ospreys and American bald
eagles also inhabit the Bay Region.

There are 43 species of amphibians known to occur in the vicinity of the Chesapeake
Bay. This includes 17 species of salamanders, 25 species of frogs, and | species of
siren. Most of these amphibians roam freely though a variety of habitats. Frogs of the
Chesapeake Bay normally reproduce from early spring to mid-suminer. Salamanders are
reproductively active throughout most of the year. All of the regional amphibians
hibernate during the winter, but the extent of hibernation varies considerapoly from
species to species.

There are 58 species of reptiles reported to occur in the Chesapeake Bay Region. This
includes 24 species of turtles, 7 species of lizards, and 23 species of snakes. Reptiles
occur in a variety of habitats. Most reptiles show a definit habitat preference, but are
not wholly restricted to the preferred habitat. Exceptions include Malaclemys terrapin
which is found only in brackish water; Clemmys muhlenbergi which is restricted to wet
grassy meadows laced with flowing water and having good plant cover; and Farancia
erytrogramma which is generally restricted (probably as a consequence of its specialized
diet) to large coastal spring runs having fast-flowing clear water, cool summer
temperatures, and neutral pH. The sea turtles and leatherbacks are wholly aquatic and
restricted to marine or estuarine waters having relatively high salinities.

There are no estimates of population densities of individual species of reptiles within the
Chesapeake Bay Region. Most of the species are generally abundant within their
preferred habitat.




PP Y

A
S

Generally speaking, reptiles mate in May and June in the Chesapeake Bay Region, and
young are produced from July to early October. All of the regional lizards and turtles
are oviparous, while the snakes may be either oviparous or oviviparous. The sea turtles
(families Cheloniidae and Dermochelyidae) undertake extensive breeding migrations,

usually to specific nest sites on tropical and sub-tropical beaches and do not breed in the
Chesapeake Bay Region. All of the regional reptiles hibernate during the colder months,
but the extent of hibernation varies considerably from species to species. Thamnophis
sirtalis, for example, may emerge as early as February, while Agkistrodon contortrix is
seldom seen before May.

The Chesapeake Bay Region is also home for most of the common mammals which are
native to the coastal Mid-Atlantic Region. The interspersion of forest and farmland and
the proximity of shore and wetland areas form the basis for a great variety of ecological
systems. The abundance of food such as mast and grain crops and the high quality cover
vegetation found on the wooded uplands and agricultural lands support good populations
of white-tailed deer, cottontail rabbit, red fox, gray fox, gray squirrel, woodchuck,
opossum, and skunk. The various vegetation types found in wetland areas provide
indispensible natural habitat requirements for beaver, otter, mink, muskrat, marsh
rabbit, and nutria. In addition, there are numerous species of small mammals which
inhabit the Study Area and are integral parts of both the upland and wetland food cycles.

" Controlling factors of distribution and abundance. The distribution and abundance of tne
wildlife of the Chesapeaxe Bay are generally a function of availaple food, cover and
breeding areas. So any factors which affect these variables will affect the dependent
organisms. .

Because these organisms feed high up the food web, they are dependent upon the success
of lower trophic items for their food (i.e. phytoplankton, zooplankton, emerygent aquatic
vegetation, submerged aquatic vegetation, benthic organisms and fish). Some wildlife
are omnivorous and can switch food depending upon what is available. For example,
there are indications that canvasbacks have shifted their diets from predominantiy plant
to primarily animal, possibly as a result of the decline in submerged aquatic vegetation in
the Bay. It has shown that canvasbacks in the Maryland part of Chesapeake Bay have
moved from areas where submerged aquatic vegetation was abundant to areas in the Bay
where the bivalve Macoma balthica has become abundant.

Some species are more specific in their food requirements and therefore are more
dependent upon the survival of that particular species. Some waterfowl, such as the
redhead, seem to be this type of animal. The decline of submerged aquatic vegetation,
an important food source for the redhead, has affected the distripution and abundance of
that species in the Chesapeake Bay.

Submerged aquatic vegetation and emergent aquatic vegetation both serve as food cover
and/or breeding areas to a variety of organisms up and down the food web and thus are a
controlling factor in the distribution and abundance of wildlife.

Competition with other species for food cover and breeding areas is another factor
affecting wildlife. Many species may be affected by a change to one species. For
example, the introduced species nutria occupies the same hapitat as muskrat, and
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muskrat have shown a decline since the introduction of nutria. Nutria also compete with
small birds although the impact has not been quantified.

BIOLOGICAL INTERACTIONS

The above paragraphs described seven major groups of organisms in the Bay. In order to
understand the entire system the interrelationships of the biological components must be
examined. One way of illustrating and studying these interactions is by way of trophic
diagrams. A generalized trophic diagram for the Bay and its major components was
shown as Figures E-II-1 and E-II-2. This section will examine the dynamics of the major
components by using more detailed trophic diagrams and species interaction tables.
Major pathways of energy and material transfer within the Bay's ecosystem are
illustrated from WESTECH's Biota Assessment. All diagrams and tables referenced in
this discussion are included as Attachment A to this appendix.

Phytoplankton Associations (Figures A-1, A-2 and A-3). Energy fixed by photosyntnesis

.
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is transferred from the phytoplankton compartment along several major pathways.
Herbivorous zooplanikton consume a major proportion of the pnytoplankton in most areas,
and are thus a key link in the transfer of phytoplankton production to higher trophic
levels. The calanoid copepod Acartia tonsa alone is estimated to consume about half of
the phytoplankton production:in the Patuxent River.during summer months. A certain
amount of the ingested phosphorus and nitrogen-containing compounds are excreted by
these zooplankton; these in turn are utilized by phytoplankton. In Chesapeake bay,
major proportion of phytoplankton biomass and productlon is represented by
nannoplankton, small species less than 10 microns in diameter. Propably, the majority of
production by these species is consumed by micro-zooplankton, such as rotifers,
tintinnids and other protozoans, and nauplii of copepods. Relatively little is known about
the role of these small zooplankton in Chesapeake Bay; however, larger inverteprates,
primarily benthic suspension feeders, also consume a significant proportion of
phytoplankton in Chesapeake Bay; however, larger invertebrates, primarily benthic
suspension feeders, also consume a significant proportion of phytoplankton. In addition,
feces and pseudofeces of invertebrates are acted upon by bacteria - either while
suspended in the water column or deposited on the sediment. Such bacteria-rich
particles serve as food for other organisms, and as a substrate for the remineralization of
nutrients.

Another major pathway for phytoplankton production is through the menhaden,
Brevoortia tyrannus, a planktivorous fish. Menhaden are particularly important as they
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represent a major pathway from primary producers directly to large harvestable
organisms. They are also an important food source for piscivorous fish. minor pathways
are represented by ctenophores and invertebrate meroplankton.

Emergent Aquatic Vegetation (Figures A-4 and A-5). EAV's are primary producers, and

are used directly as food by a variety of animals, although the fresh water marsh species
are primarily used indirectly. The major pathway through which marsh derived energy
enters the estuarine tropnic web is by detritus-based food chains. Dead and decayinyg
plant material are acted upon by bacteria and other microorganisms, and these enriched
particles serve as a food source for herbivorous zooplankton, such as Eurytemora affinis,
and a variety of benthic detritivores and omnivores, such as Palaemonetes. EAV's
provide a major habitat for fish and invertebrates, which can enter flooded marshes at
high tide. Waterfowl and aquatic mammals (such as muskrats) also utilize marshes as
habitat.




Submerged Aquatic Vegetation (Figures A-6 and A-7). SAV are primary producers, and
are directly used as food by a variety of other species, particularly ducks, geese and
other waterfowl, aquatic mammals, and some invertebrates. Dead and decaying plant
tissue also enters the bay food web through the detritus pathway. Bacteria and other
microorganisms act upon the plant material, and these enriched particles provide food
for a number of benthic detritivores and omnivores, suspension feeders and zooplankton.
The major role of SAV, however, is as a habitat for a host of other species, including
epiphytes, epifauna, larval, juvenile, and adult inverteprates and fish. This diverse
community has declined along with the reduction in SAV occurrence. The current
"threatened or endangered" status of a number of invertebrates in Virginia is reported to
be due to the loss of extensive stands of Zostera marina.

Herbivorous Zooplankton (Figures A-8 and A-9). These primary consumers channel
phytoplankton-derived energy to a number of pathways. A major fraction of this
compartment is consumed during the sumimer months by ctenophores and cnidaria. It is
estimated that ctenophores could consume about 30 percent of the Acartia in the
Patuxent during summer months. One observer found that where Mnemiopsis occurred in
high densities, copepods were virtually eliminated in areas of the York River. Copepods
also represent an important food source for larval and adult fish, including mennaden.
"The latter species feed extensively on zooplankton when phytoplankton are
predominantly less than 15 mm in size. The importance to icthyoplankton and juvenile
fish is well established, and high densities of certain copepods, cladocerans, and rotifers
is critical to the survival and development of larval anadromous species in Chesapeaxe
Bay. Minor pathways of energy transfer from herbivorous zooplankton run through
carvivorous zooplankton other than ctenophores (e.g., arrowworms), and larval
invertebrates. Fecal material from the compartment enters the detritus/bacteria
pathway, and may be in turn utilized as food by other species (including some herbivorous
zooplankton). The benthic harpactacoid copepod Scottolana feeds more upon benthic
diatoms, and bacteria-rich detritus. It represents a major food source for juveniles of
demersal fish, especially sciaenids and flounder.

Carnivorous Zooplankton (Figure A-10). Only one study species Evadne tergestina, falls
into this sub-category, although in the Bay's ecosystem it shares the niche with a variety
of other cladocerans, chaetognaths, microplankton, and ichthyoplankton. Evadne feeds
primarily on large phytoplankton, particularly dinoflagellates, as well as rotifers,
tintinnids and other protozoans, copepod nauplii and copepodities, and small cladocerans
(including young Evadne). In turn, it is a source of food for other carnivorous
zooplankton, especially the chaetognath Sagitta, juvenile and adult planktivorous tisnh,
ctenophores, and cnidarians.

Ctenophores and Cnidarians (Figure A-11). Combjellies and jellyfish are an important
fraction of the Bay's zooplankton community. Particularly during the summer imontns,
they exert a significant grazing pressure on other zooplankton. In addition, these
primitively organized species excrete a large proportion of their ingestea organic
nitrogen and phosphorus, and are thus important to nutrient cycling. While the primnary
food for these organisms is zooplankton, they also ingest a certain amount of larger
phytoplankton, detritus (and associated bacteria), ichthyoplankton, and in the case of
cnidarians, juvenile and small adult fish. Ctenophores and cnidarians are fed upon by
relatively few other organisms, although the predaceous ctenophore Beroe ovata
significantly reduces the numbers of Mnemiopsis in the lower Bay. Chrysaora also feeds
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upon ctenophores to an extent. The butterfish and harvestfish (Peprilus sp.), more
common in the lower Bay, are also predators of ctenophores and cnidarians. The sessile
polyp stages of Chrysaora and other jellyfish feed upon zooplankton.

Infaunal Deposit Feeders (Figures A-12, A-13 and A-14). This subcomponent includes a
wide variety of benthic organisms, including oligochaete and polychaete worms, mollusks,
and some crustaceans. Six study species are represented in this category. The major
energy/material pathway for this subunit is through ingestion of sediment detritus and
associated bacteria, micro-organisms, and benthic algae. Occasionally, suspended
detritus is taken. Feces and pseudofeces return to the substrate, to be acted upon by
bacteria and protozoans; these particles are reingested by deposit feeders. These
organisms are an important source of food for invertebrate and vertebrate predators,
particularly demersal fish, crabs, and waterfowl. In addition, they play an important role
in nutrient recycling through release of nitrogen and phosphorus from the sediment.

Epifaunal Suspension Feeders (Figure A-15). Organisms in this category typically live
attached to hard or firm substrates. The relative paucity of such supbstrates in
Chesapeake Bay limits the available habitat for these species. However, they occur with
abundance on oyster beds, pilings, and are often referred to as "fouling organisms."
Suspension feeders derive a major portion of their energy from phytoplankton and
suspended detritus (with associated micro-organisms), and in many cases also ingest
microzooplankton, and even larger organisms. A major study specie$, Crassostrea, feeds
primarily on particles less than 12 u size, with-1-3 the largest single size fraction. Thus,
they represent a major pathway from nannoplankton and bacterial production to a large,
harvestable species. Balanus ingests a wider range of food, including small zooplankton
and larger phytoplankton, and even its own nauplii. Pelagic larvae of suspension feeders
become food for a wide variety of planktivorous invertebrates and fish. Feces and
pseudofeces are deposited, and enter the detritus food chain. A wide variety of
invertebrate predators feed upon these organisms, particularly crabs, flatworms, and
carnivorous moilusks.

Infaunal Suspension Feeders (Figure A-16). This category includes a wide variety of

mollusks, crustaceans, and a few worms. Five study species are represented. These
organisms derive a major portion of their energy from phytoplankton; a few may also
feed upon microzooplankton. Suspended detritus, with its associated microorganisms, is
also ingested. These species serve as food for predaceous invertebrates, particularly
crabs, as well as demersal fish, and waterfowl. Many are harvested by iman. reces and
pseudofeces are deposited, and acted upon, by bacteria and other microorganisms. If
resuspended, these bacteria-rich detrital particles become a source of food for
suspension feeders. Pelagic larvae of a number of species are fed upon by planktivorous
invertebrates and fish.

Benthic Omnivores (Figure A-17). This category includes a group of mixotrophic feeders,
which derive their energy from a variety of pathways. Most feed upon detritus. They
also consume living organisms — benthic algae and small benthic animals -—- as well as
decaying plant and animal tissue. They are opportunistic feeders, and are rarely
selective or restrictive in their diets. In turn, they are fed upon by pelagic and demersal
fish, large invertebrate predators such as crabs, waterfowl, and shorebirds. Certain of
these omnivorous species represent an important link between relatively refractory
material such as marsh plant detritus and higher trophic levels.
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Invertebrate Predators (Figure A-18). This category includes relatively large, mobile

organisms which actively seek and capture living prey. It is composed chiefly of T
crustacea, such as crabs, and carnivorous gastropods. Snails such as Urosalpinx feed
primarily upon hard-shelled prey organisms, drilling througn the shell and rasping out the
flesh. Crabs and other crustacea are more opportunistic feeders, and also ingest soft
bodied prey, small fish, detritus, decaying plant and animal material, submerged aquatic
vegetation, and benthic macroalgae. Included in this subunit are such species as the
starfish Asterias, and the whelk Busycon, both of which feed on bivalves by forcing open
the prey's shells. The latter two species may invade the lower Bay in greater numbers
during reduced flow regimes. Pelagic crab larvae feed upon larger zooplankton sucn as
copepods and cladocerans. Invertebrate predators are in turn fed upon by their
conspecifics, predaceous fish and waterfowl. Some are harvested by man,

Vertebrates (Figures A-19 to A-26). Piscivorous fish are not highly specialized feeders in
general. This can be seen in the number of study species fish which serve as food for
other study species fish., For top predators, the single most important forage fish is the
menhaden because of its dense schooling and high food value. Significant changes in the
menhaden population within the Bay would be reflected in increased or decreased feeding
pressure directed against other species. Alosid juveniles depend on anchovy and
silversides, as well as youhg menhaden, for their growth in the shallow, low salinity
regions.

Dietary requirements are most exact for larval fishes. Because of their restricted
mobility, food must be available in high densities. Due to their small size and weak
mouth structure the size of the food particles is also critical. In order to-maximize the
return on energy spent for capture, the food quality must be high. Rotifers such as
Brachionis and cladocerans such as Bosmina are critical items in the diet of larval Alosa
and Morone species. The concentration of these species in the nursery area nas deen
shown to strongly influence larval growth rates and survival.

Three species of larval fish (menhaden, spot, croaker), which have highly specific food
requirements, are in the low salinity portions of the estuary during the winter months and
early spring. The major food organism for these larvae appears to be Scottolana
canadensis which occurs in very high densities on the substrate during the winter and
early spring. As these fish grow, the menhaden switches to pelagic plankton and the
drums move to larger benthic prey organisms. Changes in the concentration of
Scottolana would impact the growth and survival of larval spot, croaker and, to some
extent, menhaden, although the food requirement of the latter is by no means clear cut.

Croakers tend to associate with oyster reefs, The oyster Crassostrea is a hapitat
modifier for a vanety of benthic invertebrates which in turn are food for the croaker.
Major changes in the extent or condition of the oyster reefs would be reflected in the
growth and condition of the croaker. Spot are primary grazers of the soft bottom where
they may harvest the bulk of the new production of worms and clams. To the extent that
croakers are forced from the hard bottom and oyster communities, they will come into
increasing competition with the spot.

Eel grass, Zostera marina, is a major habitat modifier for fish, providing cover for forage
fish, richer species diversity for benthic grazers and an additional food source in the
form of epiphytes. An increase in the extent of Zostera beds would increase the juvenile
populations of silverside, spot, croaker and white perch,
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- has been noted elsewhere in this report. The species formerly depended on wild celery, .

Vallisneria americana. If neither of these items of diet are abundant in the future, the
2 recovery of the canvasback to its former numbers may be in doubt. .
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CHAPTER III

SELECTION OF STUDY SPECIES

In order to assess the effects of reduced freshwater inflow on the piota of Chesapeake Bay,
a methodology was developed involving the qauntification of habitat and the determination
of habitat change for a select group of Bay organisms and/or species associations. The
results of that analysis are presented in Appendix A, Problem Identification. The process
used to select the group of 57 study species that were used to conduct the biota assessment
is described in this chapter.

The identification of the 57 species was accomplished by WESTECH as part of their Phase [
work on the biota assessment. Much of the following description of the procedure was
taken from their report. If the reader desires, more detail as well as specific sources may
be found there.

Participation and review by the scientific community and general public were included in
the development of the list of study species. A panel of knowledgeable Bay researcners,
xnown as the Anchor Team was established by the contractor to provide technical and
procedural review. The Corps Steering Committee also provided review and guidance as tne

udy proceeded. Several seminars were held by the contractor during the process. [he
i vited puplic generally included more than 150 persons representing education ana researcn
«. ganizations, regulatory agencies and conservation groups in Virginia, Maryland, Delaware,
Pennsylvania, and the District of Columbia.

A literature search was also accomplished as part of the biota assessment. A bioliography
was compiled of studies of living organisms inhabiting the Chesapeaike pay and the factors
affecting their distribution and abundance. The bibliography was not limited to studies
conducted in the Bay, but also included studies of other estuaries. This compilation was
done using computerized bibliographic and abstracting services supplemented by intensive
manual searches of journals and other sources.

Five abstract services were searched under more than 14 topics each. Journals, reports to
government agencies and industry, books, symposia proceedings, theses and dissertations
were systematically searched for potentially useful information. More than 33 journals
were utilized. Libraries of 13 institutions and agencies were searched. Also five
computerized data banks were consulted. The literature was collected and organized by
topic.

In addition to published material, contact was made with those that have an active interest
in research on the Chesapeake Bay. Drawing on the personal knowledge of the WESTECH
staff, Corps of Engineers staff, and the Chesapeake Research Consortium's Chesapeake Bay
Directory, individual scientists with government agenices, academic institutions and private
firms were contacted. Nearly 100 individual scientists from 28 organizations were
contacted. These personal contacts revealed the existence of maps, surveys, unpuolished
data files and notebooks which often served as valuabple information sources.

As illustrated above, a substantial body of knowledge on the Chesapeake Bay was
collected. This information formed a solid basis for both the subsequent study species
selection and the biota assessment. [he specifics on sources consulted are given in
WESTECH's report,Phase I, Volume I.

T N N N U SR SN A AT R A .
Ve aTe e e ae et LT T e St T N e e L e et
PP PGP, WL P P WY S P s WO vl W o

oo

RN I




A systematic screening procedure was developed which insured the selection of study

species with the minimum of personal bias from either the WESTECH staff or reviewers. A

sequential screening process was adopted. The screening and selection of study species

required consideration of the amount of information availability on the life history of the .
species, its tolerance to physical variables, its linkage to other species in the ecosystem and K
its human importance, poth recreationally and commerciaily. The screening process was .
done in stages as shown in Figure E-III-1. Ny

PRELIMINARY LIST

There is no complete catalogue of species found in the Chesapeake Bay; however, some .
2650 species have been identified to date, as described in the Existing Conditions Report. -
From the immense universe of Bay species, a preliminary list of 167 candidate study species i
was selected. The preliminary study species are listed in Taole E-lll-1. Tne selection

criteria, public review and sources are described below.

Selection Criteria

Eight selection criteria were used to choose species for the preliminary list. [hese are R
listed below. Following the list is a description of why the criteria were important and how
it was applied.

1. Sensitivity to Salinity
2. Sensitivity to Other Factors

e Circulation

e Temperative

e Food

o Substrate
3. Affected by Biological Interactions
4, Represent Key Tropic Links
5. Peform Key Ecosystem Processes
6. Commercially or Recreactionally Important Species
7. Threatened or Endangered Species
8. Availability of Data.

Sensitivity to Salinity: Salinity tolerances for candidate species were evaluated from
several sources: laboratory studies; field studies; and extrapolation from field collection
data. Although the majority of estuarine organisms tend to be rather euryhaline, many
exhibit greater stenotopy at certain stages of their life cycle; e.g. Rangia cuneata,
(brackish water clam) the larvae of which require salinities between 2 - 10ppt to survive.
The literature indicates that laboratory studies commonly demonstrate a wider range of
salinity tolerance than the species exhibits under field conditions. This may reflect K
interaction of salinity with some other factor such as temperature or substrate; range .
restriction due to predation or competition; or a stenotopic life stage. X

Sensitivity to Other Factors. Chief among the considerations are factors wnich themselves _
might be affected by salinity or low fresh water inflows i.e., circulation, temperature, food r
and substrate.
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TABLE E-llI-1
PRELIMINARY LIST OF STUDY SPECIES

DLANTS Divisicn: Chlorophyta (green algae) ;

Calycomonas covalis
Microactinium ruminatus

° Pandorina morum ;

Division: Chrysophvta (goléen-krown algae) K

; Czlycomonas ovaiis ;
Pseudopedinella pyriZorme

: L

Division: Bacillariophyta (diatcms) .

Aster:ionella japonica k

e
Chaetoceros septentricnalls

-

%

o Leptocylindricus danicus

- Melosira grarnulata ) g
L Vavi a tripunctata N
= hia frustulum :

Ia pungens atlancica
onema costatum

Division: Pyrrophyta (dinoflagellates)

Ceratium rurca
Gonyaulax monilata
Gumnodinium nelsoni
Symnodinium spiendens
tcdinium rotundatum
orocentrum minimum

L S R )

a
"

) X
o 5

Divisicn: Cvanophyvta (blue—green alcae)

Divisicn: Anthoghyta (seed plants)

R

(hcrn wort)

- (splke 3jrass) -]
- sanaden: {alcdea) N
NnoUs rcemerian (needle rush)
: Yuroc: : sproatum (watzrmilfoil)
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TABLE E-IlI-1 (cont'd)

Najas minor

Najas Quadalupensis

Potamogeton pectinatus

Potamogeton perrfoliactus

Ruppia maritima

Scirpus americanus
irpus olneyl
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ANDMALS  Chylum:

alterniflora
cynosuroides

patens

distichunm

anqustifolia
latifolia
nicheliia palustris
marina

Prctozoa

Minchinia nelsoni
Perkinsus marinus

Tintinncps

Phy lum:

is spp.

Porifera

Cliona truztti

Phy lum:

Cnidaria

Chrysaora guinquecirrha
Diadumene leucolena

Phylum: Ctenophora
Mremiopsis leidyi

3eroe ovata

Phylum:

Platvhelminthe

Stulochus eilipticus

Phylum:

Rhyncocoela
e e
eidyi

b4

Phronida
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fleard worms) N

)

aizd)

cuthern naizd;
(sa ago poncweed)
(redhead grass)
(widgeon crass)
(
(

(x
(

[

cammon  three-square)

olney three~square)
(salt marsh cordgrass)

(blg cordgrass)

(salt meadow cordgrass)

(pald cvpress)

(

(broadleaf cattail;

(horned pondweed)
(eelgrass)

(MSX)

{dermo)

(bell animal)
(sporges)
(boring sponge)
(Jelly fish)

(sea nettle)
(sea anemone)

{ccmb jellies)

(sea walnut)
(mermaid purse)

e

{flat worm)

(Prchoscis worm)
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TABLE E-IlI-1 (cont'd)

Phvium: Rotifera

Sraichionus caiycirlorus
3raxchionus plicacilis
Suvnchaete spp.

Phylum: Annelida

Class Polvchaeta

sivcera Jdibranchiata

Heteromastus rliiformis

‘ypaniola grayl

Nephtys Incisa

Nerls succinea

Paraprionospio pinnata

Pectinaria gouldiil

Polilgydora ligni

Scolecolepides viridis
c

i1lus hoffmeisteri
Peloscolex gabriellce
Pe2loscolex hetercchaetus
Peloscolex multichaetus
Pzlzscolaxy multisetosus

Phvlum: Mollusca

Class Gastrcooda

E-45

(wheel animals)

(bristle worms)
(blocd worm)
(ke worm)
(ciam worm)

(tupe worn)

{tube worm)

{tube worm)

(earth woirms)

{enails)

{eelgrass snail)
{(knobked whelk)
(ovster drill)

{rmxd snail)
(cvster drill)
{bivalves)

{(shipwerm)
{carved russel
{Conrad's fals
(Asian clam)

~t o= P
(ovster)




TABLE E-lLIi-1 (cont'd)

Order Mysidacea
Neomysis americana

Order Decapoda

Callinectes sapidus
Crangon septemspinosa
Palaemonetes pugio
pajaemonetes vulgaris
Ogyrides limnicola
Rhithropanopeus harrisii

Class Insecta

Chaoborus punctipennis
Chironomus attenuatus

I inotanypus sp.
Cryptochironomus fulvus

Phylum: Echinodezmata

Leptosynapta inharaens

Phylum: Chaetagnatha

Sagitta elegans
Sagitta tenuis

Phylum: Chordata
Class Ascidiacea
Molgula manhattensis

Class Pisces

Alosa pseudoharengus
Alzsa sapidissima
Anchoa mitche: il
Anguilia rostrata
3revoortia tyrannus
Cunoscion regalis
Fundulus heteroslitus
shinscma boscl
u

PR o

3
-
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Qrus i
Leicstomus xanthurus
Lepcmus jibbosus
Senidia bheryllina

Menidia menldia

(opossum shrimp)
(shrimps & crabs)

{blue crab)
(sand shrimp)
(grass shrimp)
{grass shrinmp)
(shrimp)

(mud crab)

{mosquito)
(midze)
(midge)
(midge)

(tunicates)

{alewide)

(shad)

{(bay enchovy)
(American eel}
(menhadden)
(weakfish)
(mammicheg)

(naked ccov)

{white catfish)
(spot)

(pupkinseed)
(tidewater silversicde)
(Atlantic silverside)




TABLE E-liI-1 (cont'd)

¢mma certna
vons.ii ayasina

Maccma balcZilica

Macoma mztchelli (= M. phenay)
Mercenaria mercenaria

Mulinea laterslis

Mya arenaria

Rangia cuneata

Sphaerium spp.

Shylum: Arthropoda
Class Crustacea

Subclass Branchiopoda

3osmina longirostris
Zvadne tergistina
Fenilie avirostris
Poden polyphemoides

Subclass Copepoda

Acartia clausi
Acartia tonsa
Centropages haematus
Eurycemora arfinis
Mesocycliops edax
Oithona colcava
Scocrtolana canadensis

Subclass Cirripeda

Balanus eburneus
Balanus Improvisus

Subclass Malicostraca
Crder Iscopoda

vatiura noiita
triopa

PR ML AN ML e Al At

(gem clam)
(baltic macoma)

(hard clam)

(coot clam)

(soft clam)

{brackish water clam)
(fingernail clam)

(water fleas)

{copepads)

(barnacles)

{isopcds sowbugs)

(sea rcach)

(amshipods)
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TABLE E-III-1 (cont'd)

Micropogon undulatus
Micropterus salmoides
Morone americana
Morcne saxatilis
Peprillus triacanthus
Perca flavescens
Pomatomus saltatrix

Pseudopleuronectes americanus

Rachycantron canadum
Rhiroptera bonasus
Irinectas maculatus

Class Aves

Anas piatyrhynchos
Anas rubripes
dythya affinis
Aythya americana
Aythya valisinera
Bucephala albeocla
Bucephaia clangula
Branta canadensis
Chen hypoborea
dallaeetus leucocephalus
Olor columbianus
Oxyura jamaicensis
Pandion haliaetus

Class Marmalia

Ondatra zibethicus

RPNt S
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(Atlantic croaker)
{large mouth kass)
(white perch)
(striped bass)
(butterfish)
(yellow perch)
(bluefish)

{winter flounder)
{cobia)

(cow nosed ray)
(hog croaker)

(mallard)

(black duck)
(lesser scaup)
(rechead)
(canvasback)
(bufflehead)
{cammon goldeneye)
(Canada gocse)
{snow goose)
‘bald eagle)
{whistling swan)
(ruddy duck)
(osprey)

(muskrat)
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Circulation. A partially mixed, moderately stratified estuary such as Chesapeake Bay
is characterized by a net seaward flow of lower salinity water in the upper layers and a net
upstream flow of higher salinity deep water. In general, the outflow at the surface is the
driving force for the rate of inflow of higher salinity bottom water. The literature shows
that many organisms use the upstream movement of water at depth to transport themselves
into and maintain themselves within the estuary. Reduced freshwater inflow could alter tne
rate of transport, and allow breakdown of density stratification, particularly in the
tributary rivers. This could have effects beyond simple salinity tolerances if important
commercial species such as blue crabs, croaker and spot are prevented from reachiny their
upstream nursery areas, or oysters their upstream beds.

Temperature. The synergistic effects of temperature and salinity have been descrived
by several researchers. Temperature stress can narrow the salinity tolerance zone for many
organisms, and vice versa. For example, in lower salinities, the copepod Arcartia tonsa has
a competitive advantage over A. clausi at temperatures from 11 to 18° Cyas it is less
affected by the salinity stress. Another example of the synergistic effects of temperature
and salinity is afforded by organisms at the edge of their range. Chesapeake Bay represents
the maximum northward range extension of several southern species such as Rangia cuneata
(brackish water clam) and the southernmost extension of others sucn as Mya arenaria (soft
clam). Adverse salinities during cold or warm periods, respectively, could have a more
severe effect than that produced by salinity alone.

Food. Some species, themselves euryhaline, are dependent on a more stenotopic food
source. For example, the redhead (Aythya americana) feeds extensively on Potamogeton
spp. (pondweeds), plants restricted to oligohaline and low mesohaline areas.

Substrate. Although most benthic organisms show a certain eurytopy as to substrate,
sediment preferences do exist. For example, sandy substrates are most numerous in the
lower Bay, particularly near tne Bay mouth. Research has snown that the restriction of
certain species to this section of the estuary is less a reflection of their stenohalinity as it
is of their psamophilic nature.

Affected by Biological Interactions. These biological interactions include predation,

parasitism, competition, and disease. Many estuarine endemics and euryhaline opportunists
find the estuary a refuge from predation and competition. There are numerous examples of
euryhaline species having restricted ranges due to increased predation in higher salinities.
For example, the oyster Crassostrea virginica is preyed upon in salinities above 15 percent
by the oyster drill Urosalpinx crinerea, and suffers heavy mortalities in salinities above
about 12 percent due to the protozoan parasites Minchinia nelsoni (MSX) and Perkinsus
marinus ("dermo"). Although predation seems to be the most important habitat factor, at
least for benthic forms, evidence exists that competitive exclusion may also restrict ranges
of some species (e.g. Macoma balthica versus M. tenta).

Represent Key Trophic Links. Certain species, because of their numbers, productivity, or
distribution, represent major links in the Chesapeake Bay food web. Results of caging
experiments, stomach analyses, and laboratory feeding studies have been used to identify
major food items, food selectivity, ingestion rates and vulnerability to predation for
candidate study species. Some abundant species are numerous because they have evolved
means to avoid predation, and are thus not key trophic links; however, they may be
important for other reasons, such as substrate modification or nutrient cycling.
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Perform Key Ecosystem Processes. These key ecosystem processes might include nutrient
recycling, substrate rmodification or habitat production. benthic organisms (particularly the
meio- and micro-components), as well as zooplankton and fish, excrete compounds
containing nitrogen and phosphorous. These can be utilized by phytoplankton and rooted
aquatics for primary production. Modification of substrate can be positive or negative.
Certain species, particularly polychaetes, produce tubes which bind loose sediments and
stabilize the bottom, allowing colonization by other organisms. On the other hand,
bioturbation by benthic infauna, as well as accumulation of fecal material, can create a
loose flocculant substrate inhibitory to many species. Also, prey-seeking behavior by fish
and crabs can also disrupt the substrate, reducing the numbers and diversity of species
found.

Certain species so physically dominate their environment that they themselves constitute
the habitat. In Chesapeake Bay, major examples are the oyster reef and its associates, and
submerged aquatic vegetation beds. The density and diversity of species in these habpitats
are greater than in surrounding sand or mud bottoms, and productivity can be significantly
higher.

Commercially or Recreationally Important Species. Organisms which are harvested by

man, or which provide non-consumptive recreation, are the measure by which much of the
public tends to gauge the "heaith and productivity" of the estuary. Most of these species
(e.g. fish, crabs, and waterfowl) are large and conspicuous; many feed fairly high on the
trophic chain. Their continued abundance depends-on the integrity of the trophic web
supporting their populations.

Threatened and Endangei'ed Species. According to the U.S. Fish and Wildlife Service, a

number of threatened and endangered species inhabit the Chesapeake Bay area. Some of
these are birds and mammals which are more or less water-oriented, and may depend on the
estuary seasonally or for some aspect of their needs (e.g. food, sheiter). Examples of the
water oriented animals are the bald eagle (Haliaeetus leucocephalus), and the Delmarva fox
squirrel (Sciurus niger cinereus). Other threatened or endangered species are fish or
reptiles which have been known to enter the Chesapeake Bay, or which at one time were
resident. Examples of these animals are the Shortnose Sturgeon (Acipenser brevirostrum),
and the Maryland darter (Etheostoma sellare).

Availability of Data. Some organisms are important based on the above criteria, but

adequate information is lacking on their biomass, distribution, tolerance, and trophic
interactions. Thus, the organism is not a useful study species. Only those that have been
well studied in terms of distribution were included in the preliminary list.

Public Review

This preliminary list of 167 species and the criteria used in their selection were reviewed by
WESTECH's Anchor Team and at the first seminar, held on 15 November 1979 at the
Chesapeake Bay Model. An announcement for the seminar was sent to 150 persons
representing education and research organizations, regulatory agencies and conservation
groups in the four adjacent states and the District of Columbia. Input received at this
seminar was incorporated into the selection process. Some additional study species were
added to the preliminary list, at the suggestion of reviewers. This supplemented list was
carried into the next screening.

E-50

o Baaa Sean ey o "2 AEN R Saun oAb diiie Bhadiuh Sads S0 Bl A 0 ¥




3 Sources.
y

The preliminary list of 167 species was based upon a variety of sources, including:

e Chesapeake Bay Existing Conditions Report (USACE 1973): A list of 110 species N
recommended for bioassay or condition indices, in order to assess effects of .
environmental stress. :

e Chesapeake Bay Future Conditions Report (USACE 1977): A list of 126 important
. . species and genera based on a survey of Bay researchers. Species were included on
this list on the basis of 15 criteria, including importance to trophic structure, and
distribution. An attempt was made to include species representing as many
Chesapeake Bay habitats as possible.

e Maryland Department of Natural Resources list of 44 representative species from
tidal and non-tidal waters. These species were to be used in studies assessing the
impacts of discharges into natural waters.

In addition, numerous reports, papers, and data sets were consulted to identify major :
species, and their general distribution in regard to salinity. Some of the more important of N
these were: y

Phytoplankton: Patten et al. 1965; Marshall 1966, 1967; Mackiernan 1963; mulford 1972;
Dahlberg et al. 1973; Van Valkenberg and Flemer 1974- Sehger et al. 1975, Lear and Sinith
© 1976; Mountford 1977 Van Valkenburg et al. 1978,

2 Submerged Aquatic Vegetation: Orth 1975, Stevenson and Confer 1973; Anderson 1979
- unpublished data; Orth et al 1979; Munro 1979' Migratory Bird Habitat Research
. Laboratory, unpublished data.

Emergent Aquatic Vegetation: Maryland Wetlands Survey, DNR, 1967 - 1903; Keefe 1973;
"-I: Metzgar 1973, Virginia State Wetlands Survey Series, VIMS, 1973 - 1978; soon et al.

Zooplankton: Heinle 1966, 1969; Herman et al. 1968; Bosch and Taylor 1968, 1973; Goodwyn
1970; Burrell & Van Engle 1976, Dahlberg et al. 1973; Heinle et al. 1975; Sage et al 1976;
Bryan 1977; Grant 1977; Sage and Olsen 1977; Jacobs 1978; Grant and Olney 1979; Lippson
et al. 1979,

Benthic Organisms: Corey 1967; Pfitzenmeyer 1961, 1970, 1973, 1975, 1976; Boesch 1971,
1972, 1973, 1977; Wass et al. 1972 Hamilton and LaPlante 1972, Davies 1972- Orth 1973;
— Larsen 1974- Diaz 1977; Mountford et al 1977; Virnstein 1977, 1979; Haven et al. 1977,
1979; Lippson et al. 1979' Reinharz, Bricker & O'Connell 1979' Cory and Dresler 1930,
unpublished data.

Fish: Hildebrand and Schroeder 1928; Smith et al. 1966; Ritchie 1970; Douglas ana Stroud
1971; National Marine Fisheries Service Fishery Statistics of the U.S. 1976 - 1978; Scott and

» _ Boone 1973; Lippson and Moran 1974; W.R. Carter, unpublished data; NMFS Current Fishery

o Statistics 1975 - 1978, :
':'.., Birds and Mammals: Dozier 1947; Stewart 1962; Willner et al. 1975; Perry and Uhler 1976; .
o Maryland Dept. of Natural Resources, Mldwmter waterfowl Si Surveys 1975 - 1980; Virginia -
N Fish and Game, Midwinter Waterfowl Surveys 1975 - 1980; Rawls, unpublished M.S. ‘
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INTERMEDIATE LIST

Reduction of the preliminary list of 167 species required two subsequent screening steps. In
the first step, the preliminary list, with some additions by reviewers, was reduced to an
intermediate list of 81 species and associations. For each of the species on the preliminary
list, information was gathered to determine the adequacy of data, ecosystem importance
and sensitivity to environmental change. Information was gathered in eight subject areas:

a. Salinity range and tolerance, both in the field and from laboratory studies, for
each potentially sensitive life stage. If the study was from an area other than Chesapeake
Bay, this was noted.,

b. Temperature tolerances, both from field and iaboratory information. Of particular
importance were lethal temperatures, and temperature ranges affecting periods of
reproduction and growth.

c. Biomass and abundance information, from Chesapeake Bay and other areas.
Seasonality, as it affected biomass, and abundance was noted.

d. Physiological rates, including respiration, growth, and production (of plants).
Variations in these rates, as correlated with salinity or temperature, were noted when
available. Many of these rates were taken from studies conducted on candndate species in
areas other than Chesapeake Bay.

e. Preferred substrates for species (when applicable).

f. Trophic relationships, including preferred food or prey, major predators, feeding
rates and predation rates, both from Chesapeake Bay and from other areas. Changes in
rates due to salinity or temperature were noted.

g. Competitors, disease, predators, and other limiting biotic factors. Information
from areas other than Chesapeake Bay was taken when the same species were involved (i.e.
candidate species and its competitor or disease). Historical changes in distribution of
important diseases or predators due to salinity changes were noted,

h. Other limiting factors of a physical nature, such as light, depth, and turbidity were
noted when the information was available.

The task of gathering this information for each of the 167 candidate species provided a
chance to evaluate the adequacy and scope of information for each. Gaps in the literature
were so extensive that some organisms were immediately eliminated.

Due to the nature of the available data, the decision was made to use associations rather
than species for both phytoplankton and emergent aquatic vegetation. In the case of
phytoplankton, this decision was made because overall seasonal associations are relatively
stable, but the dominance of individual phytoplankton species varies from year to year. In
terms of the emergent aquatic vegetation, difficulty in integrating differences in varyland
and Virginia wetlands surveys necessitated the use of the recurrent plant associations rather
than individual species.
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In developing this intermediate list, an attempt was made to include representative
organisms from the various salinity ranges and from the major ecological groups (e.g.,
estuarine endemics, euryhaline marine). The list is shown in Table £-liI-2.

This intermediate list of 8! species and the selection process were reviewed by WESTECH!s
Anchor Team members and later by the public at a second seminar held by WESTECH on 20
March 1980 at the Potomac River Fisheries Commission in Colonial Beach, Virginia.
Announcements of the seminar were mailed to nearly 200 persons. In addition to
interaction through the seminars, review and comment were received from the Steering
Committee and the Fish and Wildlife Service, Annapolis Field office. The intermediate list
and comments from the public were considered in arriving at the final list.

FINAL LIST

Reduction of the intermediate list of 81 species and associations to tne final list of 57
species involved a species screening matrix and review by WESTECH's Anchor Team and
other members of the Bay Community. The screening procedure, public review, and resuits
are described below,

Screening Methodology and Criteria

Reduction of the intermediate list to the final list involved construction of a species
screening matrix. The 81 species and associations were evaluated against eighteen
weighted factors shown in Table E-[li-3. Each species was ranked on a scale of 0 - 4 in each
of these criteria. Each value was then weighted and summed for a final score for each
species. Species with scores above certain levels became final study species. Cutoff values
varied between functional groups (i.e., zooplankton, benthos) because all eighteen screening
factors did not apply to every group.

Considerable discussion entered into the assignhing of weighting values to the final screening
criteria, and these values generated a predictable amount of comment from reviewers.
Selective judgments had to be made in assigning weight to the screening factors and in
ranking each species against them. However, this methodology minimized the bias
inevitable in developing any list of major species.

Screening criteria used were essentially an expansion of the eight criteria used in arriving
at the preliminary list. The greatest weight was given to factors which could be affected
by low freshwater inflow (e.g., salinity sensitivity, dependence on estuarine circulation) or
which measured a species' importance to the ecosystem (trophic dominance, biomass, major
predator, etc.). Also, by necessity, the availability of data needed for tne mapping of
known and potential habitat, and trophic information for ecosystem analysis were heavily
weighted. Values for other criteria were assigned by comparing their relative importance
with the heavily weighted factors discussed above. The rationale for each of the weighting
values:

o Sensitive to salinity. Since the major anticipated effect of low flow conditions is
an alteration of salinity regimes, this factor was weighted "4."

e Trophic importance. Certain organisms are extremely important to the production
and flow of energy through the estuarine ecosystem. Disruption of these species
could have severe impact on other levels of the trophic web., For this reason,
"Trophic Importance" was ranked "4.,"
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TABLE E-III-2
INTERMEDIATE LIST OF SPECIES AND ASSOCIATIONS

phytoplankton

WINTER -SPRING ASSOCIATIONS:

Cgclo;ella meneghiniana Tidal Fresh Water
Melosira granulata
Ratodinium rotundatum

Oligo - Low Mesohaline
Skelestonema costatum

Asterionella japonica
Ceratulina bergonii Mesohaline
Skeletonema costatum

Asterionelila japonica

Chaetoceros decipiens

Nitzchia pungens var atlantica - Polyhaline
Skeletonema costatum

Thalassiosira rotula

SUMMER -FALL ASSOCIATIONS:

Anacystls cyanea Tidal Fresh Water
dicrocystis aeruginosa
Gymnodinium ne’soni
Gumnodinium splendens
Prorocentrum minimum
Skelatonema costatum

0ligo ~ Low Mesohaline

Chaetoceros affinis

Cochlodinium heteroclobatum

Ditylc™ hrightwelli High Meschaline - Polyhaline
Gemnodinium nelsoni

Skeletonema costatum




TABLE E-111-2 (cont'd)

Submerged Aquatic Vegétation
(associations)

Ceratophyllum demersum

Elodea candensis

Najas spp. Tidal Fresh Water - Oligohaline
Nitella spp.

Myriophyllum spicatum

Potamogeton pectinatus ;
Potamogeton perfoliatus .
Ruppia maritima Oligohaline - Low Mesohaline
Vallisneria americana

Zanichellia palustris .

Ruppia maritima
Zostera marina

_ Upper Meschaline - Polyhalines

Emergent Aquatic Vegetation
(the following indicate associations)

ipa;czna cynosuroides Tidal Fresh Wa
Typha spp.

Juncus roemerianus

Spartina cynosuroides oli . .
: : ) . igohaline - Mesochaline
Spartina patens/Distichlis spicata g

S5cirpus spp.

Spartina alternifiora Mesohaline - Polvhaline

Taxodium distichum Tidal Fresh Water
(Bald Cypress)
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Minchinia nelsoni
Perkinsus marinus

yi
yphemoides

inis
g
Scottolana canadensis

=
s

catilis
Chrysaora gquingquecirrha

odon polt

b
tonsa

Beroe ovata
ol1
iopsis leid

Eurytemora af

Brachionis caicyirlorus
Protozoa

Bosmina longirostris

Other cladocerans

Zvadne tergistina
Penilia avirostris
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Cnidaria

Annelida

Mollusca

Crustacea

Urcchordata

TABLE E-HI-2 (cont'd)

Benthos

Diadumene leucolena

Heteromastus filiformis
Limnodriius hoffmeisteri
Mediomastus ambiseta
Nereis succinea
Paraprionospio pinnata
Pectinaria gouldii
Peloscolex spp.
Scolecolepides viridis
Streblospio benedicti

Corbicula manilensis
Crassostrea virginica
Macoma balthica

M. mitchelll

M. tenta

Mercenaria mercenaria
Mulinea lateralis
Mya arenaria

Rangia cuneata

Retusa canaliculata
Urosalpinx cinerea

Ampelisca abdita
Balanus improvisus
Callinectes sapidus
Corophium lacustre
Gammarus daiberi

G. fasciatus

G. mucronatus
Leptocheirus plumulosus
Palaemonetes pugio

Moigula manhattensis
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Pisces

aves

Mammalia

TABLE E-III-2 (cont'd)

Vertebrates

(Fish)

Alosa sapidissima
Anckoa mitchelli
Brevoortlia tyrannus
Cynoscion regallis
Leiostomus X anthurus
Lepomus gibbosus
Menidia beryllina

M. menidia

Morone americana

M. saxatilis
Peprillus triacanthus.
Pomatomus saltatrix
Rhinoptera bonasus

(Bixds)

Anas platyrhynchos maliard
Anas rubripes black duck
Aythya americana redhead
Aythya valisineria canvasback
Branta canadensis Canada goose
Olor columbianus

Pandion haliaetus osprey
Ondata zibethicus muskrat
E-58
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TABLE E-III-3

FINAL SPECIES SCREENING CRITERIA

Factor Weighting Value
Sensitive to Salinity 4
Sensitive to Circulation Changes 3
Sensitive to Substrate 2
Important to Nutrient Cycling 2
Affects Water Quality i
Major Biomass Contribution 3
Wide Distribution in Bay 1
Rare or Endangered Species 1
Trophic Importance 4
Specialized Food Requirements 3
Major Predators . 3
Major Competitors 1
Economic of Social Importance 1
Opportunistic Colonizer L
Modifies Habitat for Other Species 2
Distribution Data Available 4
Trophic Data Available 3
Sensitive Life Stages 2

E->59
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Distribution data availablity. Pragmatically, it is necessary to have reasonably
accurate and complete distribution information on a species to either map it or to
assess changes in distribution due to low freshwater inflow. Thus, this factor was
weighted as "4." '

Sensitive to circulation changes. Changes in circulation due to low inflows, or
altered salinity patterns, can also be anticipated, and could affect distribution of
some species. For this reason this factor was given a weight of "3."

Major biomass contributor. Biomass is @ measure of a species importance or
dominance in the ecosystem. Additionally, a certain minimum level of abundance
is necessary for a species to be useful as an indicator organism. Thus, this factor
was weighted "3."

Specialized food requirements. Species with restricted food requirements at
some point of their life cycle could be more severely affected by environmental
perturbations than less specialized forms. For example, some species may
themselves be eurytopic in regard to salinity, but rely on a more stenotopic food
species. This criterion was ranked "3" for the above reason.

Major predator. Predation has been shown to be an important factor limiting.
distribution of many organisms. Change in distribution of a major predator might
have significant effects on the Bay ecosystem; therefore this factor was ranked
"3".

Trophic data available. Complete and accurate information on a species
ecological importance is needed to assess what effects changes in its distribution
might have on Bay's ecosystem. Thus, this factor was also heavily weighted, as
n3n ’

Sensitive to substrate. Substrate changes are not an anticipated major effect of

low inflow, although the area of specified substrate within a certain salinity
range will probably change. This factor was therefore weighted "2."

Important to nutrient cycling. Although nutrient cycling is an important

ecosystem function, the role many species play in it is not well-known. To reduce
bias in favor of a few well-studied forms, this factor was only weighted "2."

Modifies habitat for other species. Species which provide habitat for other

organisms (or conversely, which unfavorably alter habitat), can have significant
ecological impact. This criterion was rated "2."

Sensitive life stages. Many species have a period in their life cycle which is

potentially sensitive to environmental perturbation. This is typically a larval or
juvenile stage. Although species which have such life stages will also score nigh
on other factors (such as sensitive to salinity) it seemed better to also augment
their score with an additional factor. This screening criterion was ranked "2,"
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Affect water quality. A few species can cause deleterious changes in water
quality (e.g., algae blooms), and these might be enhanced by reduction in flushing
rates due to low inflow. Since these effects will probably be local, this criterion
was only weighted "1."

Wide distribution in Bay. A species with very restricted, localized distribution
may not be a useful indicator. On the other hand, to minimize bias for very
widespread eurytopic species, this criterion was only weighted "1."

Rare and endangered species. Because of restricted ranges and the usually minor
ecosystem role of these species, this factor was rated "1". However, it was
suggested that because of these organisms legal importance, the entire group
should be handled as an entity in the assessment.

Major competitor. Competition appears not to be as important in mediating
organism distribution as predation, so this factor was ranked "1,"

Economic or social importance. Although these are the factors through which the -
public perceives the Bay's health, it was felt that the fact that an organism was
economically important was not, a priori, a measure of that species' sensitivity to
low inflow. Many of these species do have life stages sensitive to salinity

changes, or have predators or diseases which could be affected by low inflow, but
these species would receive high scores on those particular criteria. For these
reasons, this factor was ranked as "1."

Opportunistic colonizer. Species which are adapted to rapid colonization of
disturbed habitats may respond quickly to habitat alterations due to low inflow.
However, too high a ranking on this factor might bias the selection of species in
favor of estuarine opportunitists, most of which are quite eurytopic. This factor
received a "1" rating.

The absence of threatened and endangered species is notable in the final list. Most of the
Bay's rare or uncommon species were not included as study species. There are several
rather clear reasons that uncommon species did not rate highly on this system which is
geared toward salinity and trophic relationships:

° Insufficient data (on distribution, feeding, salinity tolerance, etc.).

o Not coupled tightly to the estuarine system.

° Minor quantitative importance in the food web, as known at this time.

o Sensitive stages not well known.

Public Review

The draft final list was reviewed by the WESTECH Anchor Team and presented at the final
seminar for peer review, held March 20, 1980, at the Naval Academy, Annapolis, Maryland.




Input from this review process was used to generate the final list. Inparticular, the fish
species were re-evaluated in response to comments that life stages should each have peen

i screened independently. Ranking each life stage separately changed the relative order to
some of the candidate species, resulting in additions and deletions from tiie orginal list.

One species which elicited wide-spread comment was the American shad, Alosa

sapidissima. In light of its severely depressed populations, its suitapility as a study species

was questioned. However, the apparent current stresses on this fish are such that additional

pressures due to low freshwater inflow might prove critical, if sucn effects can be

separated out and evaluated. Thus the species was retained as a study species.

Several benthic species were also re-evaluated on the basis of comments, and additions and
deletions were made. In particular, two species important in the oligohaline zone, the area
where pronounced effects of low fresh water inflows are expected, were added: Gammarus
daiberi and Cythaura polita. Corbicula manilensis was deleted due to its limited
distribution.

Results

The final list of 57 species and associations includes 7 phytoplankton and 3 emergent
vegetation associations, 5 submerged aquatic vegetation, 10 zooplankton, 19 benthic
mvertebrates, 10 fish and 3 waterfowl. The final list is given in Table E-IlI-4.

Although 57 species represent only 3 percent of the total Chesapeake Bay biota, these study
species include many of the major organisms in the estuary. In addition, they are
representatives of various salinity zones and estuarine habitats, and can serve as "models"
for other species with similar requirements. Thus, impacts of low freshwater inflows can pe
assessed in a specific manner for the study species, and to a certain extent extrapolated for
the entire Chesapeake Bay ecosystem.
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TABLE E-III-4
FINAL STUDY SPECIES LIST

PHYTOPLANKTON ASSOCIATIONS

Winter/Spring Cyelotella meneghiniana/Melosira granulata

Associations tidal

freshwater association

Katodinium rotundatum/Skeletonema costatum
oligohaline, low meschaline association

Asterionella japonica/Skeletonema costatum
dominated meschaline association

Nitschia pungens atlantica/Skeletonema costatum/Chaeto-

eeros spp.

dominated polyhaline association
Summer/Fall Anacystis/Microcystis
Associations tidal freshwater association

Gymnodinium spp./Prorocentrum minimum

dominated oligohaline, low mesohaline associations

Gymmodinium/Chaetoceros/Skeletonema
dominated high mesohaline polyhaline associations

SUBMERGED AQUATIC VEGETATION

Ceratophyllum dermersum hornwort
Potamogeton pondweeds
Ruppia maritima widgeon grass
Zanichellia palustris horned pondweed
Zostera marina eelgrass

EMERGENT AQUATIC VEGETATION ASSOCIATIONS

Tidal Freshwater Associations

Spartina spp.
dominant, brackish tidal marsh

Juncus roemerianus
dominant, brackish tidal marsh

ZOOPLANKTON
Ctenophora Mnemiopsis leidyi ctenophore
Cnidaria Chrysaora quinquecirrha sea nettle
Rotifera Brachionus caleyiflorus rotifer

o
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TABLE E-III-4 (cont'd)
FINAL STUDY SPECIES LIST

ZOOPLANKTON Cont.

Crustacea Acartia clausi copepod
Acartia tonsa "
Eurytemora affinis "
Scottolana canadensis v
Bosmina longirostris cladoceran
Evadne tergestina u
Podon polyphemoides "

BENTHOS

Annelida Limmodrilus hoffmeisteri oligochaete worm
Heteromastus filiformis polychaete worm
Pectinaria gouldit "
Scolecolepides virdis "
Streblospio benedicti "

Mollusca Uroealpinx cinerea oyster drill
Crassostrea virginica oyster
Macoma balthica Baltic macoma
Mercenaria mercenaria hard clam
Mulinia lateralis coot clam
Mya arenaria soft clam
Rangia cuneata brackish clam

Crustacea Ampelisca abdita amphipod
Balanus improvisus barnacle
Callinectes sapidus blue crab
Cyathura polita isopod
Gammarus daiberi amphipod

Leptocheirus plumulosus
Palaemonetes pugto

grass shrimp
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Z::- FINAL STUDY SPECIES LIST

FISH

Alosa sapidisaima
Alosa pseudoharengus
Brevoortia tyrannus
Anchoa mitehilli
Letostomus xanthurus
Menidia menidia
Micropogon undulatus
Morone saxatilis
Morone americana
Perca flavescens

American shad
alewife

menhaden

bay anchovy

spot

Atlantic silverside
Atlantic croaker
striped bass

white perch

yellow perch
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Anas pZatyrhynéhas mallard
- Anas rubripes black duck N
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CHAPTER IV

LIFE HISTORY SUMMARIES OF STUDY SPECIES

The final list of study species contains 57 species and associations. Chosen species
included 7 phytoplankton associations, 3 emergent aquatic vegetation associations, 3
submerged aquatic vegetation species, 10 zooplankton, 19 benthic invertebrates, 10 fish,
and 3 waterfowl; the complete list is given-in Table E-lll-4. In order to more clearly
explain the characteristics of each of the 57 study species, individual species discussions
were prepared by WESTECH and are included as Attachment B,

The study species discussions define the most widely accepted common name(s) and
identify organism type. Their general range in the Bay and seasonality of distribution or
behavior are then discussed. Sensitivity to salinity or other potential effects of low
inflow conditions form the focus of each species discussion.

For some species, relevant aspects of "potential habitat" are discussed. The purpose of
this is to define habitat areas which may not have been completely documented in the
literature, but which possess environmental conditions within which the species can
survive. This is followed by a brief discussion of the species trophic importance. The
discussion ends with a recapitulation of the particular selection factors relied upon in the
selection of the study species in question. Primary source material is listed at the end of
each species discussion. Format is slightly different for the various organism groups
when certain factors require additional emphasis.

The life history summaries of study species are central to the Low Freshwater Inflow
Study. As described in the problem identification appendix, the purpose of the Low
Freshwater Inflow Study is to evaluate the effects of alternative fresh water inflows to
the Chesapeake Bay system and recommend a salinity regime in the Bay. The
environmental impact assessments are nearly entirely dependent upon an evaluation on
the effects of the biota of various salinity regimes. Also, social and economic
considerations are partially dependent upon biotic effects. The species life histories are
the basic data needed to perform these evaluations.
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abiotics

absorption:
acclimation:
adsorption:
aerobic:

algae:
amphibian:

amphipod:

anadromous:

anaerobic:

angiosperms

anoxic:

aphotic zone:

aquatic:

benthic:
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GLOSSARY

referring to the absence of living organisms.

the process by which a substance is taken up by, or
penetrates into, another.

the physiological and behavioral adjustments of an
organism to changes in its immediate environment.

the adhesion of a substance to the surface of a solid or
liquid.
refers to life process occurring only in the presence of

oxygen or air,

any of a group of plants found in water, with
chlorophyll, but without true root, stem, or leaf;
includes diatoms.

any of a clan of vertebrate animals passing through an
aquatic larval stage with gills, and a terrestrial stage
with lungs; includes frogs, toads, salamanders.

any of several crustaceans with one set of feet for
jumping and another for swimming (e.g., the sand flea).

type of fish that ascend rivers from the sea to spawn.

refers to life or process occurring in the absence of
oxygen or air.

any of a class of plants, including all the flowering
plants, having the seeds enclosed in an ovary (opposed
to gymnosperm).

totally deprived of oxygen.

bottom region of a water body which supports more
respiration than photosynthesis. (as opposed to euphotic
zone).

of or pertaining to fresh or salt water; growing or living
in or upon water,

of or pertaining to the bottom of a water body.
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benthos:

bioassay:

biomass:

biota:
biotic:

bivalve:

biochemical oxygen
demand (BOD):

calanoida:

catadromous:

chlorinated hydro-carbons:

clupeid:

community:

consumer, primary:
consumer, secondary:

copepods:

crustacean:

DDT:

those organisms living on or in the bottom of a water
body.

method for quantitatively determining the
concentration of a substance by its effect on the growth
of an animal, plant or microorganism under contr. lled
conditions.

total mass or amount of living organisms in a given
area.

the plant and animal life of a region.

of or pertaining to life and living organisms.

any of a class of mollusks having two shells hinged
together, e.g., clams and oysters.

a measure of the oxygen depleting power of the

organics in a waste water discharge.

a suborder of the crustacean order Copepod, includfng
the larger and more abundant of the palagic species.

going back or toward the sea to spawn; said of certain
freshwater fishes, including American eel.

a class of generally long-lasting insecticides, variously
hazardous through accumulation in the food chain and
persistence in the environment.

any of a family of soft-finned fishes, as herring.

(in biology) an accumulation of diverse organisms living
together in an orderly, interrelated manner,

an organism which consumes green plants.
an organism which consumes the primary consumer.

any of a subclass of small crustaceans of fresh or saline
waters; a component of the zooplankton.

a large class of invertebrate animals, usually aquatic,
bearing a horny shell (e.g., lobster, shrimp, and
barnacles).

most infamous of the chlorinated hydrocarbon
insecticides.
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demei'sal:

dissolved oxygen (DO):
detritus:
detritivores:

diadromous:

diatom:

dinoflagellates:

dominant:

ecology:

ecosystem:

ecotone:

endemic:
epifauna:

epiphyte:

epizootic:

estuary:

ethology:

euphotic zone:

living at or near the bottom of the sea.

oxygen gas dissolved in water, necessary for life of fish
and other aquatic organisms; becomes depleted by high
BOD-containing waste.

a non-dissolved product of disintegration or decay;
organic detritus forms the basis of the estuarine food
chain,

animal that eats detritus.

fish migrating between salt and freshwater.

any of a class of minute, planktonic or attached
unicellular or colonial algae.

an order of the phylum protoza, mostly free living,
having a wide distribution and making up much of the
plankton in both fresh and marine waters.

said of an organism that controls the habitat or has
profound influence in a biotic community, often the
most conspicuous.

the interrelationships of living things to one another and
their environment; or the study thereof.

the interacting system of a biological community and
its environment.

a zone of intergradation between ecological
communities.

indigenous or characteristic of a particular locale.
species which live attached on or above the bottom.

a plant that grows on another plant but is not a
parasite, producing its own food by photosynthesis.

an epidemic disease among the animals.

the zone of mixing of freshwater runoff froin the land
and salt water from the intruding ocean.

the scientific study of the behavior patterns of animals.
the upper layers of a water body in which sufficient

light penetrates to allow growth of green plants.

E-69




euryhaline:

eurythermal:

eurytopy:

eutrophication:

fauna:

flora:

freshet:

gastropods:

game fish:

habitat:

herbicide:

herbivore:

heterotrophs:

holoplankton:

hydrophyte:
hypoxia:
icthyoplankton:
indigenous:

infauna:

of/aquatic organisms capable of surviving a wide range
of salinities.

of/an organisms capable of living in a wide range of
temperatures.

rich in dissolved nutrients but often shallow and
seasonally deficient in oxygen.

(lit. "well fed") a process whereby waterways become
overgrown with plant growth due to overenrichment;
generally caused by nutrient loads from waste
discharges and agricultural runoff.

the animals of a given region, as opposed to the "flora."

organisms of the plant kingdom occurring in a particular
area.

a stream or rush of freshwater flowing into an area.

a diverse class of the phylum Mollusca, containing
snails, slugs, limpets and conchs. .

those species of fish sought by sport fishermen.

the total of environmental conditions affecting an
organism, population, or community.

a chemical substance used to kill plants or inhabit plant
growth.

animal that eats only vegetation.

organism that obtains nourishment from ingestion and
breakdown of organic matter.

an organism which spends its entire life cycie as a
member of the plankton community.

a plant which grows in water or very wet earth.
oxygen deficient.

life stages of fish which are part of the plankton.
of/native species, not introduced.

species which burrow into the substrate.
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interstitial waters:

CRM i A %)

that occurring in the voids of bottom sediments.

intertidal: of or having to do with the region of shoreline extending
from low to high tide marks.

invertebrate: any animal lacking a backbone (e.g., insects, mollusks,
and crustaceans).

isohaline: a line of constant salinity.

larva: an early developmental stage of an animal which
changes structurally to become an adult (e.g.,
caterpillars, tadpoles).

life cycle: the phases, changes, or stages in which an organism

limiting factor:
limnology:

littoral zone:

exists during its lifetime.

a variable in the environment which limits the
distribution or abundance of a particular organism.

the study of the biological, chemical, and physical
features of inland waters. .

zone of rooted vegetation.

macrofauna: the large (visible to the naked eye) animals of an area.:

marine: of or pertaining to the sea or ocean.

marsh: a tract of low-lying, soft, wet land; a swamp dominated
by grasses or grass-like vegetation.

meroplankton: organisms that spend only a part of their life cycle asa
member of the plankton.

microbiota: the microscopic organisms present in an area.

mollusks any of a phylum of invertebrate animals, including
clams, oysters, snails, and octupi.

morphology: the study of the form and structure of an organism.

motile: capable of spontaneous movement.

muck: soils composed of decaying plant materials.

nanoplankton: microscopic, free-floating aquatic organisims.

nekton: free-swimming aquatic animals, whose movements are

largely independent of water currents, e.g., adult fish
and crabs.
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net plankton:

nocturnal:

non-vascular plants:

nutrients:

nutrient cycling:

nymph:

oligohaline:
omnivorous:

organic:

organisms:

oviparous:

oxygen sag:

parameter:

passerine:

pelagic
periphyton:

pesticide:

large plankton (greater than 0.07 mm mesh net size) as
opposed to nannoplankton.

occurring or active during hours of darkness; said of
owls, bats, and many other animals.

plants without specialized conductive tissues, e.g.,
algae, mosses.

elements or compounds essential for biological
productivity; a pollutant when in excess in waterways,
causing excessive plant growth.

the movement of nutrients from the non-living (abiotic)
component of the environment, through the living, and
with time, back to the abiotic.

immature stage of arthropods (primarily insects) that is
not markedly different from the adult.

of or pertaining to low chloride concentrations.
eating a wide variety of food, both plant and animal.

of or derived from livir{g organisms; typically contains
carbon and hydrogen.,

any individual plant or animal having parts or organs
that function together to maintain life and its
activities.

reproducing by eggs that hatch outside the parents
body. :

a drop in (), concentration; caused in streams by gradual
decay of organics in waste discharges.

a measurable, variable quantity.

chiefly perching; songbirds, as opposed to waterfowl and
raptors.

inhabit open water.

community of organisms usually small but densely set,
closely attached to stems and leaves of rooted aquatic
plants or other surfaces projecting above the bottom.

toxic chemical used to kill problem plants and animals—
insecticides, herbicides.
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pH:

photosynthesis:

phy toplankton:

piscivorous:

planktivorous:

planktons

pollution:

polyp:

predator:

productivity:

protist:

psammofauna:

psamophilic:

raptors:

red tide:

relict:

a numerical expression of acidity; the negative
logarithm of hydrogen ion concentration.

the process in plants of production of carbohydrates
from carbon dioxide and water, using sunlight as energy,
and chlorophyll as a mediator.

plankton consisting of plants; e.g., algae.

feeding on fishes.

feeding on plankton.

usually microsopic plant and animal life found drifting
or floating in a water body; if mobile, only weakly so.

an additive to a particular environment rendering it of
reduced utility or benefit.

any of various coelenterates having a mouth fringed
with many small slender tentacles at the top of a tube-
like body. .

an 6rganism living by capturing and feeding upon other
animals.

the rate of production or organic matter produced by
biological activity in an area (measured in units of
weight or energy per unit volume and time).

any of a large group of one-celled organisms having
both plant and animal characteristics, e.g., algae,
bacteria, protozoans.

animals living in water held between sand grains in
waterlogged sands.

sand loving.

any of a group of birds of prey, including hawks,
falcons, eagles, and owls.

an excessive bloom of red-pigmented plankton, capable
of causing massive fish kills.

said of a species "left behind," belonging to an earlier
period or community type, now living in isylation in a
small local area.




reptiles:

resilience:

respiration:

rhizome:

salinity:

salt marsh:

saprophyte:

sedentary:

sedge:

sessile:

seston:

shell fish:

siltation:

spawn:

species:

stenohaline:

stenotopy:

one of the major groups of cold-blooded vertebrate
animals, generally having scales and true lungs (e.g.,
snakes, turtles, lizards).

in biology, the ability of an ecosystem to resist or
recover from stress.

breathing; in biology, the oxidative breakdown of flood
by organisms to produce life energy.

an underground horizontal stem possessing buds, nodes
and scale-like leaves.

a measure of the concentration of dissolved solids in
water.

grass-dominated, flat, intertidal area, inundated
periodically (seasonally or by the tides) with saline
water.

any organism living on dead or decaying orgamc matter,
includes some fungi and bacteria.

remaining in one locality; not migratory.

a type of low grass-like plant with a triangular cross-
section, usually occurring in wet areas.

attached, stationary, non-moving (e.g., oysters,
barnacles).

a collective term for everything floating or suspended
in water, including plankton and detritus.

aquatic animals having a shell or exoskeleton, usuaily
mollusks (clams and oysters).

a process whereby small suspended particles are
deposited in a water body as sediment.

to produce or deposit eggs, sperm, or young.

a distinct kind; a population of plant or animal ali
having a high degree of similarity and that can
generally only breed among themselves.

of /organisms which can endure only a narrow range of
salinities.

narrow range of food.
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sublittoral zone: below mean sea level to boundary to rooted vegetation.

succession: the replacement of one community by another through a
regular sequence of changes over time.
supra-littoral zone: above mean sea level to the level affected by sea spray.

synergisms: the superimposed effects of separate pollutants or
substances so that the total effect is greater than the
sum of the effects independently.

taxonomy: the system of arranging animals and plants into related
groups based on structure, embryology, biochemistry,
etc.

terrestrial: of or pertaning to dry ground, as opposed to "aquatic."

thermal pollution: the abnormal raising or lowering of water temperatures
above or below seasonal ranges.

toxicity: ‘ the quality or degree of being poisonous or harmful to
an organism., - )

trophic level: comprised by all organisms in a complex community
that derive their food a common step away from the
primary producer.’

turbidity: the condition of water containing conspicuous amounts
of suspended material.

upland: all areas of land above the depressions occupied by
lakes, rivers, swamps, or seas.

vascular plants: - plants that have xylem and phloem to convey water and
food.

vertebrate: those animals possessing a backbone or spinal column,
i.e., fishes, birds, reptiles, amphibians, and inammals.

) waterfowl: birds frequenting water, including game birds such as
. ducks and geese.

wetlands: an area characterized by high soils moisture and high
biological productivity, where the water table is at or
near the surface for most of the year,

zooplankton: plankton consisting of animals, as protozoa.
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Key for Figures A-3 through A-26

(for visual clarity, latin names are not underlined)

Species Lifestages

larvae
juvenilc
adult
medusa
polyp

Lol BN SR
|

Organisms
na - nannoplankton
net- net phytoplankton

Interactions

-l
[

predator

- food

- disease

- overlap

forms habitat

- habitat modifier

- competitor

- predator on habitat provided by the organism
(i.e. epiphytes)

—QAxmoom
[}

Method of reading - Begin with a species in the column on the
left hand side of the page. The interactions indicate this
species effect on a species in the top row: i.e. "P" indicates
the species in the side column is a predator on the corresponding
species on the top row. An "F" indicates the sidc column species

provides food for the specics in the top row, etc.

FIGURE A-
E.78 IGURE A-2
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Table I1II-6. Phytoplankton

Study Species

Tidal FW Phyto
Oligo~low Meso Phyto
Mesohaline Phytos
High Meso/Poly Phyto
Polyhaline Phytos

P. minimum c/M C/M C/M C/M

Cnidaria & Clenophores P P P P P P
Brachionis P*na P¥na P%¥na P¥na

Other Microzooplankton P/nan P/na P/na P/na P/na P/na ¥ na

Bosmina p* P* P* Pw/]

Evadne ' P/net P/net P

Podon p* p* p* p* p* p*

A. clausi p* p* P p*
A. tonsa P P P* P p* P P

E. affinis p* p* p* p* p*

S. canadensis P P P P P

copepod nauplii P* P* PpP*  Pp* p* p* p*
crustacean larvae P P P P P P P P
molluscan larvae P P P P P P P P
Brevoortia (adult) p*
Brevoortia(juv.) p p*
Balanus improvisus P P P P

Crassostrea P/na P/na P/na P/na P/na

Mya P P P 4 P P

Mulinia P P P P P P

Mercenaria 4 p P P P

Rangia P ) P P

Ampelisca P P P P

other suspension feeders p P P P P P P P P

bacteria M M M M M M M M M
FIGURE A-3
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o Ecological Relationships
& Emergent Aquatic Vegetation
o

v
5 Study Species ————>

N Coastal Fresh Marsh

L Coastal Brackish Marsh. C C
= Brackish' Irreg. Flooded C

- Eurytemora affinis p

i herbivorous zoopl. p P P
- Palaemonetes pugio P/H P/H P/H
- C. polita P P 3
- G. daiberi P P P
NS . other

o C. sapidus & _ ., o P/H P/H P/H
; Benthic detritivores P p P
N Fish H* H* H*
:::I Waterfowl F*H* F /H* H*
s Aguatic mammals F¥H* F/H* F/H*
\:—

N

>,

>

- E-81

FIGURE A-5
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ficological

Relat ionships

Submerged Aquatic Vegetat. n

PR e B BN aAd ek aind aen S MO I atNiraii St ad-aaf iy -ade

Study Species

Ceratophyllum
Potamogeton perf.
Potamogeton pectin.

Ruppia maritinma

Zostera marina &
%annichellia c
Epifaunal invertebrates PH PH/P PH/P PH/P PH/P PH
Paloemonetes PH PH PH PH
Callinectes PH PH PH PH
Gammarus PH PH PH PH PH PH
Cow-nosed Ray M M
Epiphytic algae PHC PHC PH/CPH/C PHC PHC
Athya valisineria P p* P
Anas rubripes P P p* px* p* P
A, platyrhynchos P P p* p* P
other ducks & geese P p* pP* p¥* p*
other waterfowl P P P p*
benthic detritivores Pr PF PF Pr PF PF
Bacteria PF  PF PF PF PF  PF
larval & juvenile fish PH* PH* PH* PH* PH* PH*
aquatic mammals P P p P
E-83 FIGURE A-7
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Zooplankton (cont.)

Study Species

W
ANl il sl 2

.)

juv
(larvae & juv.)

(larvae &

Morone amer,

Morone sax.

Perca (larvae)

(larvae)

Brevoortia

iV-

Alosa (larvae, juv.)

E R}

Menidia (larvae)
Anchoa (larvae)

Menidia

(adult)

Anchoa (adult)

Peprillus (adult)

Bacteria

Detritus

Balanus improvisus

Chrysaora ;.olyps

DR AM AP R s Sl S dRE -

(minor)

' .
IR R
1

* .

CERS
o e le

" %

Molluscan suspension feeders
SN

FIGURE A-9 Cont'd
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d PeLAGIC LRRVA
. H.filiformis (2’/--‘BM. 4
o year -roun
1 B ity M. balbhica 151170 Gl
5 (Inc. C.sapidus) ,aﬂl". qouldit  10%.-BM(sp)
- 'u, e .
e o O-viridis  5-30%. (sp).
:,/ ]
I ;l‘ "
&) :
INFRUNAL o o
. DeEPosIT FEEDERS R2c -
. Invertebrate e . ’ N
‘ . Heteromas{:us ;nh;omms Ny
BMP\WOPCS 2% - Bay Mout h ) ::;'.‘
(ine. G-polika ) cp dvilus hoffmeisterm | -
£ Pug'lo) 0.5%0 = | %o . bj
E ' Macoma balthica %
o Sus pended 25 %0 = 13%e Waterfowl
Detritus Peckinari " (Inc. 3
‘Pectinaria gouldii . e %
10Ye0 = Boy Mouth A-valnsnnema) :.:
Scolecolepides viridis
0-5 %e = 10%0n A
\
\ Streblospio be nedicti
|\ e -—
Seé;men{ S0 Biy Moui'lﬂ "
Depi+us vl
-
Demersa' FISl’\ ":
. (nc. L.xanthurus -
Bacteria,other M. undulatus) o
ﬂiCrocrqam'sms, :.
Benthic unjcellular £
alqae -
Infaunal Deposit Feeders - Trophic Diagram i&
FIGURE A-12 -r
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Benthic Organisms

study Species —»

-

v

nannoplankton

net phytoplankton
benthic algae
Zostera marina
Ruppia maritima
other SAV

Chrysaora

Chrysaora polyps
Mnemiopsis
microzooplankton
copepods (A.& nauplii)
cladocerans
Palaemonetes pugio
Callinectes &SSQSS
Cyathura polita
Urosalpinx cinerea
Stylochos ellipticus
Leiostomus (A. & J.)

Micropogonias(A.&J,) P*

Morone saxatilis
Morone americana
Perca flavescens
Balanus improvisus
Aythya valisineria
other waterfowl
Bacteria
detritus,ﬂ§€§x}ng
invertebrate larvae
Crassostrea
mollusks
polychaete worms
Minchinia (MSX)
Perkinsus ("dermo")
Streblospio

P

p*

P
P
P

P
F*
F*

P*

F*

M

Pt

pP*
D

F*

p*

P*

Fe

E-90

pw

p*

p*
p*

F*
F*

pr

Pt
pP*

]

pr

pe
pr

F F*
F F*
P p*
p*
P*
P* pt
p* pe
P*
P p*
P p*
P P
F* F» F*
F* F» F
F F
M
F
F

FIGURE A-13
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nannoplankton
net plytoplankton
benthic algae
Zostera marina
Ruppia maritima
other SAV
Chrysaora
Chrysaora polyps
Mnemiopsis
microzooplankton
copepods (A.& nauplii)
cladocerans i
Palaemonetes pugio
Callinectes & 2FRBE
Cyathura polita
Urosalpinx cinerea
Stylochos ellipticus
Leiostomus (A. & J.)
Micropogonias (A.&J.)
Morone saxatilis
Morone americana
Perca flavescens
Balanus improvisus
Aythya valisineria
other waterfowl
Bacteria .
detritus, H§ERYIN9
invertebrate larvae
Crassostrea
mollusks

polychaete worms
Minchinia (MsX)
Perkinsus ("dermo")
Streblospio

p
pr
c
c
c/pP
p*
p*
P*
C P
P
F* P¢
F* F
c
(o B
M M
M M
D*
D*

F* F*

p* P* p* P
P/juv P P/juv

P/juv P*/juv P*p/juv
P/juvP*/juv P* p/juv

/3uv P P/juv
P/juv
P juv
P P/juv P

P 4 P 4
F* F* F* F*
F* F* F* F*

M

E-91

P

-3

Cc

c

c/p

P

- A-,
P F#
F*
F* F
M  F*/H
M/C F*
M
M

F*
Fr

"

F*

F*
F*

FIGURE A-14
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LIFE HISTORY SUMMARIES OF STUDY SPECIES

The information contained in this attachment is taken from Volume Iil, Phase I of the
Chesapeake Bay Low Flow Study: Biota Assessment. This report was prepared by
WESTECH under contract to the Corps as part of the Low Freshwater Inflow Study, and
is available from the National Technical Information Service. The following information
provides a comprehensive summary of the life history of those species selected for study
as part of this program.
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;E ATTACHMENT B

;? Contents

I Life History No. Title

EEZ 1. Winter/Spring Phytoplankton Associations
?F 2, Summer/Fall Phytoplankton Associations

Prorocentrum winimum - Dinoflagellate

e XX
W
.

P 4, Submerged Aquatic Vegetation - Known Distribution
E_ 5. Ceratophyllum demersum - Hornwort
i 0. Potamogeton pectinatus - Sago Pondweed
7. Potamogeton perfoliatus - Redhead Grass
8. Ruppia maritima - Widgeon Grass
Zostera maritima - Eelgrass
9. Zannichellia palustris - Horned Pondweed
10. | Emergent Aquatic Vegetation Associatiﬁns -
Known Distribution
1i. Coastal Fresh Marsh Association
le, Coastal Brackish Marsh Association
13, Brackish Irregularly Flooded Marsh Association
14. . Mnemiopsis leidyi - Ctenophore
14, Chrysaora quinquecirrha - Sea Nettle
16. Brachionus calcyiflorus - Rotifer
17. Acartia clausi = Copepod‘
13, Acartia tonsa - Copepod
19, Eurytemora aifinis - Copepod
26, Scottolana canadensis - Copepod
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Life History No. Title

D e i A i e A A A AU A Sl i S A P S Pt R S S e N T 0 SR S

21.
22,
23,
24,
25,
26.
27.
28,
29.
30.
31.
32.
"33,
34,
35.
36.
37.
38.
39.
40.
41,
42,
43,

44,

Bosmina longirostris - Cladoceran

Evadne tergistina - Cladoceran

Podon polyphemoides - Cladoceran
Limnodrilus hoffmeisteri - Oligochaete Worm
Hetetomastus.filiformis - Polychaete Worm
Pectinaria gouldii - Polychaete Worm
Scolecolepides virdis - Polychaete Worm
Streblospio benedicti - Polychaete Worm
Urosalpinx cinerea - Oyster Drill
Crassostrea virginica - Oyster

Macoma balthica - Baltic Macoma
Mercenaria mercenaria - Hard Clam

Mulinia lateralis - Coot Clam

Mya arenaria - Soft Clam

Rangia cuneata - Brackish Clam

Ampelisca abdita - Amphipod

Balanus improvisus - Barnacle

Callinectes savidus - Blue Crab, Summer

Callinectes sapidus - Blue Crab, Winter R
Cyathura polita - Isopod INERE

Gammarus daiberi - Amphipod Sl

Leptocheirus plumulosus - Amphipod
Palaemonetes pugio - Grass Shrimp

Alosa sapidissima - American Shad
Alosa pseudoharengus = Alewife
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E:.':: Life History No. Title
= 45. Brevoortia tyrannus - Menhaden , :;
46. Anchoa mitchilli - Bay Anchovy .
47. Leiostomus xanthurus - Spot
Micropogon undulatus - Atlantic Croaker
48. Menidia menidia - Atlantic Silversicde
49. » Morone americana - White Perch
50. Morone saxatilis - Striped Bass
51. Perca flavescens - Yellow Perch
52. Anas platyrhynches - Mallard : :?
53. Anas rubripes - Black Duck I;
54. Aythya valisineria - Canvasback éi
55. C Chesapeake Bay Base Map R
ti 56. Modelling Segments ﬁ
ii ’ 57. Spring Surface Salinity, Base Year E
‘i 58. Summer Surface Salinity, Base Year :
E:i 59. Fall Surface 5alinity, Base Year E
;i; 60. Spring 3.05 Meters Salinity, Base Year ?1
i 61. ' Summer 3.05 Meters Salinity, Base'Year ;1
62. | Fall 3.05 Meters Salinity, Base Year E
63. spring 6.09 Meters Salinity, Base Year ;;
N 64. Summer 6.09 Meters Salinity, Base Year |
g, 65. Fall 6.09 Meters Salinity, Base Year ?ﬂ
N 6€. Chesapeake Bay Sedimeﬂts i
€7. Chesapeake Bay Bathemetry :1
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SYNOPSIS OF HABITAT CRITERIA
KEY TO TABLE B-1

M

DEFINITION OF TERMS:

e 1 r - . . . . v
"l "' - . o e e
DAL S L

’ . . 0 . v D
LI T PO LN 4

'y
!"l,
PP,

o
? 2
/
2
-

Y .I

AT IEEE I o)
.+ "'.' L}
* PN T |y 2

SPECIES: Study Species or Association (may be more than cne species on
ane map.

SEASUN: Season mapped for species or life stage in question. This is '
usually the season of greatest abundance, sensitivity to low 0y
flow, reproduction, or trophic importance. o
LIFE STAGE: Life stage(s) mapped. ;‘.;;2%

SALINITY: Salinity ranges which delineate distribution, abundance, or =
seasonality. These represent typical or cbserved ranges from Ty
field data for the most part, not laboratory tolerances or AR
anamnalous occurrences. ’

DEPTH: Typical depth ranges far species' occurrence, based on field coad
cbservations and season napped. Same organisms may inhabit ' 3]
deeper water during cold months, or when dissolved axygen is
high at depth, although normally restricted to more shallow
water.

SEDIMENT: Distributimarﬂabwﬁameinrelatimtbsedﬁmttypeaxe
mapped for those species where this relationship has been
demonstrated. Sediment types used are as follows:

Sand (S) = 75% s~nd ""‘j
Muddy sand (M/S) = 50% sand, 25% silt and clay LA
Sandy mud (S/M) =  50% silt and clay, 25% sand )

Md (M) = 75% silt and clay T

NUMBERS: These figures represent the typical abundance range of the '_~'.-j:j

species mapped, as taken fram field data used in this project. "

Extreme maximum values encountered in this study are in paren- ~ ]

' theses. RN
- N/A: Information not applicable to this species, or not available. 23
)
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